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ABSTRACT
The purpose o f t h i s  s tu d y  was to  determ ine th e  e f fe c t iv e n e s s  
o f  th re e  programs o f d is ta n c e  running  and a program o f  iso m e tr ic  
e x e rc is e s  upon th e  development o f c a rd io v a sc u la r  e f f ic ie n c y .
S u b jec ts  f o r  t h i s  s tu d y  were 4&3 c o lle g e  m ales a t  Kansas 
S ta te  Teachers C o lleg e , Emporia, K ansas. S u b jec ts  were g iven  th e  
H arvard S tep  T est as  th e  i n i t i a l  m easure o f c a rd io v a sc u la r  e f f ic ie n c y  
and were ass ig n ed  to  fo u r  t r a in in g  g ro u p s: Group I  ra n  te n  m inutes 
each se ss io n ]  Group I I  ra n  tw en ty  m inu tes] Group I I I  ra n  t h i r t y  
m inutes] and Group IV engaged in  iso m e tr ic  e x e rc is e s  each s e s s io n .
A ll groups t r a in e d  fo u r  days a week f o r  seven weeks, a f t e r  which
th e  H arvard Step T est was a g a in  a d m in is te red .
The s ig n if ic a n c e  o f th e  mean g a in  between i n i t i a l  and f i n a l  
Harvard S tep T est sco re s  was e s ta b l is h e d  f o r  each group . A nalysis  
o f  v a r ia n c e  and o rth o g o n a l com parisons were used to  compare th e  
e f fe c t iv e n e s s  o f  th e  fo u r programs on c a rd io v a sc u la r  e f f ic ie n c y  
improvement. R eg ressio n  was employed to  f in d  any r e la t io n s h ip  
between amount o f  running  and c a rd io v a sc u la r  f i tn e s s  among th e  running  
g roups. The e f f e c t s  o f  th e  t r a in in g  program s were f u r th e r  analyzed 
fo r  s u b je c ts  o f  h ig h  and low i n i t i a l  c a rd io v a sc u la r  c o n d itio n .
F ind ings o f  th e  s tu d y  were a s  fo llo w s :
1 . A ll fo u r  t r a in in g  programs produced s ig n i f ic a n t  ca rd io ­
v a s c u la r  e f f ic ie n c y  g a in s .
viii
A com parison re v e a le d  th a t  th e r e  were no s ig n i f ic a n t
d if f e re n c e s  among th e  th r e e  run n in g  g ro u p s, b u t t h a t  a l l  
th re e  runn ing  groups were s u p e r io r  to  th e  iso m e tr ic  
e x e rc ise  group in  c a rd io v a sc u la r  improvement.
No evidence o f  r e g re s s io n  e f f e c t s  was found among th e  
th re e  runn ing  g ro u p s, in d ic a t in g  t h a t  th e r e  was no 
r e la t io n s h ip  betw een th e  amount o f  runn ing  done in  
t r a in in g  and th e  amount o f  improvement made in  c a rd io ­
v a s c u la r  f i t n e s s .
For s u b je c ts  o f  h ig h e s t  i n i t i a l  c a rd io v a sc u la r  e f f ic ie n c y ,  
th e  g a in s  in  c a rd io v a sc u la r  f i t n e s s  o f  th e  groups who 
ran  f o r  t e n  and tw en ty  m inu tes  a  day d u rin g  t r a in in g  
were s ig n i f i c a n t ly  s u p e r io r  to  th e  g a in s  made by th e  
th ir ty -m in u te  run n in g  group and th e  iso m e tr ic  e x e rc is e  
group. No s ig n i f i c a n t  d if f e r e n c e  was found between th e  
e f f e c t s  o f  th e  ten -m in u te  run n in g  group and th e  tw en ty - 
m inute runn ing  g roup , n o r  was a  s ig n i f ic a n t  d if f e re n c e  
found between th e  th ir ty -m in u te  run n in g  group and th e  
iso m e tr ic  e x e rc is e  group.
No s ig n i f ic a n t  d if f e r e n c e s  were found among th e  fo u r  
t r a in in g  program s in  th e  e f f e c t iv e n e s s  o f  im proving 
c a rd io v a sc u la r  e f f ic ie n c y  o f  s u b je c ts  o f  low i n i t i a l  
c a rd io v a sc u la r  e f f ic ie n c y .
There were no s ig n i f i c a n t  r e g re s s io n  p a t te r n s  ev id en t among
th e  th r e e  run n in g  groups f o r  s u b je c ts  o f  h igh  i n i t i a l  
c a rd io v a sc u la r  f i t n e s s ,  n o r  f o r  s u b je c ts  in  th e  ru n n in g  
program s p o sse s s in g  low i n i t i a l  c a rd io v a sc u la r  f i t n e s s .
7 . Iso m e tr ic  e x e rc is e s  were s ig n i f i c a n t ly  more e f f e c t iv e  in  
im proving c a rd io v a sc u la r  e f f ic ie n c y  f o r  s u b je c ts  hav ing  
low i n i t i a l  s te p  t e s t  sc o re s  th an  f o r  s u b je c ts  o f  h igh  
i n i t i a l  c a rd io v a sc u la r  e f f ic ie n c y .
The fo llo w in g  co n c lu s io n s  r e s u l te d  from t h i s  s tu d y :
1 . C a rd io v ascu la r e f f ic ie n c y  may be improved s ig n i f i c a n t ly  by
p a r t i c ip a t io n  in  running  program s and a lso  by a program  
o f iso m e tr ic  e x e rc is e s .
2 . G en e ra lly , d is ta n c e  running  w i l l  b r in g  about more improve­
ment in  c a rd io v a sc u la r  e f f ic ie n c y  th a n  iso m e tr ic  e x e rc is e s .
3 . In c re a s in g  th e  amount o f runn ing  d u rin g  t r a in in g  does n o t
b r in g  about a p ro p o r tio n a te  in c re a se  in  c a rd io v a sc u la r  
e f f ic ie n c y .
4 . For s u b je c ts  o f  h ig h  i n i t i a l  c a rd io v a sc u la r  e f f ic ie n c y ,
runn ing  program s o f  te n  an d /o r  tw en ty  m inutes a  day a re  
most e f f e c t iv e  in  im proving c a rd io v a sc u la r  f i t n e s s .  A lso , 
an iso m e tr ic  e x e rc is e  program  i s  a s  e f f e c t iv e  a s  a program  
o f runn ing  f o r  t h i r t y  m inutes a  day in  reg a rd  to  changes in  
c a rd io v a sc u la r  e f f ic ie n c y  f o r  s u b je c ts  o f  h ig h  i n i t i a l  
s t a t u s .
5. For s u b je c ts  o f  low  i n i t i a l  c a rd io v a sc u la r  f i t n e s s ,  a l l
fo u r t r a in in g  programs a re  e q u a lly  e f f e c t iv e  in  im proving 
ca rd io v a sc u la r  e f f ic ie n c y .
An iso m e tric  e x e rc ise  program i s  s ig n i f ic a n t ly  more e f f e c t iv e  
in  im proving c a rd io v a sc u la r  e f f ic ie n c y  f o r  s u b je c ts  o f  
low i n i t i a l  f i t n e s s  th an  f o r  su b je c ts  o f  h igh  i n i t i a l  
c a rd io v a sc u la r  f i t n e s s .
CHAPTER I
INTRODUCTION
C ard io v ascu la r e f f ic ie n c y  has long  been reco g n ized  as  b e in g  
an im portan t component o f  p h y s ic a l  f i t n e s s .  Although many form s o f 
e x e rc ise  have been used to  ach ieve  th e  g o a l o f  improved c a rd io ­
v a sc u la r  f i t n e s s , t r a d i t i o n a l l y ,  d is ta n c e  running  has  been g e n e ra lly  
p re sc r ib e d  in  o rd e r  to  r e a l i z e  th e  b e s t  r e s u l t s .  The c o n te n tio n  th a t  
d is ta n c e  runn ing  i s  e f f e c t iv e  cannot be d en ied . However, a  q u e s tio n  
th a t  has n o t been re so lv e d  i s  how much runn ing  i s  n ecessa ry  to  
produce optimum r e s u l t s .  The above q u e s tio n  i s  o f  c o n s id e ra b le  
im portance in  p lan n in g  p h y s ic a l  e d u ca tio n  a c t i v i t i e s  and in d iv id u a l 
e x e rc ise  program s because o f  th e  c r i t i c a l  f a c to r s  o f  tim e and space 
th a t  can be g iven  to  t h i s  a sp e c t o f  p h y s ic a l  f i t n e s s .
A nother b a s ic  component o f p h y s ic a l  f i t n e s s  i s  s tr e n g th .
Rogers r e f e r r e d  to  s tre n g th  a s  th e  " c a p a c ity  f o r  ac tiv ity ,"-* - and 
McCloy s ta te d  th a t  t e s t s  o f  s tr e n g th  a re  in d ic e s  o f  g e n e ra l p h y s ic a l 
c o n d i t i o n . ^ S tre n g th , l i k e  o th e r  elem ents o f  p h y s ic a l  f i t n e s s ,  can 
be improved th rough  v ig o ro u s e x e rc is e  program s. Y e t, in s o fa r  a s  th e
-^Frederick Rand R ogers, "The S ig n if ic a n c e  o f  S tren g th  T e s ts  
in  R evealing P h y s ic a l C o n d itio n ,"  R esearch Q u a r te r ly t V (O ctober, 
1934), 43-46.
2C. H. McCloy, "The Apparent Im portance o f Arm S tren g th  in  
A th le t ic s ,"  Research Q u a r te r ly . V (March, 1934), 3 -1 1 .
1
n a tu re  o f th e  e x e rc is e s  employed to  develop t h i s  f a c t o r  i s  concerned , 
s tre n g th  t r a in i n g  programs have been con sid e red  to  be alm ost th e  
a n t i th e s i s  o f  c a rd io v a sc u la r  c o n d itio n in g . In  a  s ta tem en t on th e  
ro le  o f e x e rc is e  in  f i t n e s s  by a j o i n t  committee o f  th e  American 
M edical A s so c ia tio n  and th e  American A sso c ia tio n  f o r  H ea lth , P h y s ic a l 
Education and R ec re a tio n , i t  was ex p la in ed  th a t  " a c t i v i t i e s  r e q u ir in g  
r e l a t iv e ly  s h o r t  b u r s ts  o f  in te n se  e f f o r t  such as  l i f t i n g ,  p u l l in g ,  
pushing . . . te n d  to  in c re a se  m uscu lar strength"-^ w hereas a c t i v i t i e s  
invo lv ing  ex tended  ru n n in g , v ig o ro u s  swimming and o th e r  forms o f 
p ro tra c te d  e x e rc is e  should  be used  to  develop c a rd io v a sc u la r  
f i tn e s s .^ -
W illgoose  d is t in g u is h e d  betw een th e  two v a r ia b le s  by conclud ing  
th a t  u n le ss  a  s tre n g th  b u ild in g  e x e rc is e  i s  re p e a te d  s u f f i c i e n t ly  to  
a c t iv a te  th e  c a rd io re s p ira to ry  a p p a ra tu s , l i t t l e  change in  h e a r t- lu n g  
endurance w i l l  be n o t ic e d .5 C larke  perhaps b e s t  summarized th e  
g en era l o p in io n  o f th e  p h y s ic a l  ed u ca tio n  p ro fe s s io n  in  th e  fo llo w in g  
s ta te m e n t:
P h y sic a l f i t n e s s  i s  more th a n  muscular- s tr e n g th  and m uscular 
endurance; a  t h i r d  e s s e n t i a l  component i s  c i r c u la to r y  endurance.
3
Howard S. S lu sh e r  and A ileen e  S. L ockhart, Anthology o f 
Contemporary Readings (Dubuque, Iowa: Wm. C. Brown Company, 19&6), 
p . 185.
^ I b id . , p . 184 .
' ’C a rl E . W illgoose, E v a lu a tio n  in  H ealth  E ducation  .and P h y s ic a l 
E ducation , (New York: McGraw-Hill Book Company, I n c . ,  1961), p . 107.
Thus., any e x e rc ise  program l im ite d  s o le ly  to  s tre n g th  development 
by any method i s  d e f ic ie n t  a s  an adequate approach to  p h y s ic a l
f i t n e s s . °
One o f th e  most v o c ife ro u s  exponents o f hard  endurance 
a c t i v i t i e s ,  such a s  running and swimming, as  being  th e  key to  
p h y s ic a l f i tn e s s  h a s  been Thomas K. Cureton o f th e  U n iv e rs ity  o f 
I l l i n o i s .  Cureton has  contended fo r  many y ea rs  th a t  c o n tin u a l, 
rh y th m ica l movement i s  n ecessa ry  in  o rd e r  to  improve c a rd io v a sc u la r  
'fu n c tio n  which he a t t r i b u t e s  to  in c reased  c a p i l l a r iz a t io n .7
Cureton recommended, f o r  b e s t  ga ins in  improved c a rd io v a scu la r  
fu n c tio n , such s tren u o u s a c t i v i t i e s  as rep ea ted  220 and 440 y a rd  runs 
o r swimming rep ea ted  100, 220 , 440 yard  d is ta n c e s  in  keeping w ith  
in te r v a l  t r a in in g ;  w alking u p h i l l  on a  t re a d m ill  f o r  t h i r t y  m inu tes, 
f iv e  days a  week; o r  v a r s i ty  w re s t l in g  and f o o tb a l l  combined w ith  
running  d is ta n c e s  and wind s p r i n t s . 8
For only  m oderate ga ins in  c a rd io v a scu la r  e f f ic ie n c y , he 
suggested  a c t i v i t i e s  such as h a n d b a ll, b a s k e tb a l l ,  o r  badminton 
combined w ith  " tra in in g "  c a l i s th e n ic s ;  o r  rhythm ic endurance 
c a l i s th e n ic s  programs done f iv e  tim es p e r week f o r  one hour p e r  d ay .9
Cureton r a te d  a c t i v i t i e s  which te n se  th e  m uscles o r  which are
^H. H arrison  C larke , " Iso m etric  Versus Iso to n ic  E x e rc is e ,"  
P h y sica l Education  N e w s le tte r , S e r ie s  IX, No. 6 (February , 1963) ,  1.
7
'Thomas K. C ureton, " P u ttin g  P h y sica l .F itn ess  in to  P h y sic a l 
E d u c a tio n ," Jo u rn a l o f  th e  Canadian A sso c ia tio n  fo r  H ea lth , P h y sica l 
Education  and R ec rea tio n , XXIX (O ct.-N ov ., 1962), 21.
a ib id .
9I b id . . p . 2 2 .
o f  very  s h o r t  d u ra tio n  and o f near-maximum e f f o r t ,  such as  w eight 
t r a in in g  o r  gym nastics , as  b e in g  in s ig n i f i c a n t  in  reg a rd  to  improve­
ment in  c a rd io v a sc u la r  f u n c t i o n .^
R ec en tly , however, s e v e ra l  s tu d ie s  have shown iso m e tr ic  
e x e rc is e s  a c tu a l ly  have r e s u l te d  in  improved c a rd io v a sc u la r  
f i t n e s s .  11*12 Such f in d in g s  a re  c o n tra ry  to  th e  o p in io n s  exp ressed  
by many o f  th e  le a d in g  p h y s ic a l  ed u ca to rs  a s  ev idenced iti th e  
p reced in g  p ag es . Due to  th e  l im i te d  tim e , sp ace , and equipment 
re q u ire d  f o r  iso m e tr ic  e x e rc is e s ,  o b v io u sly  more re se a rc h  needs to  
be done to  determ ine th e  r e l a t i v e  e f f e c t iv e n e s s  o f  iso m e tr ic  e x e rc is e s  
in  com parison w ith  th e  t r a d i t i o n a l  d is ta n c e  runn ing  program s.
I .  STATEMENT OF THE PROBLEM
T his study a ttem p ted  to  shed more l i g h t  upon th e  fo llo w in g  
q u e s t io n s :
1 . W ill program s o f runn ing  te n  m in u tes , tw enty  m in u te s , and 
t h i r t y  m inu tes fo u r  days a week s ig n i f i c a n t ly  improve 
c a rd io v a sc u la r  e f f ic ie n c y ?
R obert A llen  A lo s t,  "A Study o f th e  E f f e c ts  o f I n i t i a l  
C a rd io v ascu la r C o n d itio n , Type o f  T ra in in g  Program and Frequency o f  
P ra c t ic e  P erio d  Upon th e  C ard io v ascu la r Development o f C o llege  Men" 
(unpub lished  Ed.D. d i s s e r t a t i o n ,  L o u is ian a  S ta te  U n iv e rs i ty , 1963).
12James E. K ennison, "A Comparison o f  th e  E f fe c tiv e n e s s  o f a 
Program o f  Iso m etric  T ra in in g  w ith  a  Program o f  C on d itio n in g  E x e rc ise  
on th e  Development o f  P h y s ic a l F i tn e s s "  (u n pub lished  s tu d y , L o u is ian a  
S ta te  U n iv e rs ity , 1965).
2 . I s  th e re  a  p o in t o f  d im in ish in g  r e tu rn s ?  In  o th e r  w ords,
i s  th e r e  a  con tinuous in c re a se  in  c a rd io v a sc u la r  
e f f ic ie n c y  in  d i r e c t  p ro p o rtio n  to  th e  amount o f  runn ing  
in  t r a in in g ,  o r  i s  th e r e  a p o in t a t  which a d d i t io n a l  
runn ing  w i l l  n o t show a  co rresp o n d in g  in c re a se  in  
c a rd io v a sc u la r  f i tn e s s ?
3 . W ill a  nine-w eek program  o f  iso m e tr ic  e x e rc is e s  fo u r  days
a week s ig n i f i c a n t ly  improve c a rd io v a sc u la r  e f f ic ie n c y ?
4- What w i l l  be the comparative e ffe c tiv e n e ss  o f the d ifferen t  
exercise  programs?
I I .  PURPOSE OF STUDY
The prim ary  purpose o f  t h i s  s tudy  was t o  compare th e  e f f e c t ­
iv en ess  o f  an iso m e tr ic  c o n d itio n in g  program w ith  th re e  t r a in in g  
programs c o n s is t in g  o f runn ing  te n  m inu tes, tw en ty  m in u tes , and 
t h i r t y  m inu tes fo u r  days a  week f o r  n in e  weeks upon th e  c a rd io v a sc u la r  
reco v ery  r a t e  o f co lle g e  m ales a s  measured by th e  H arvard S tep  T e s t.
A second purpose was to  in v e s t ig a te  th e  c o m p a ra tiv e 'e f fe c tiv e n e s s  
o f th e  th r e e  runn ing  program s in  develop ing  c a rd io v a sc u la r  f i t n e s s  
in  re g a rd  to  w hether runn ing  f o r  d i f f e r e n t  le n g th s  o f  tim e would 
r e s u l t  i n  g r e a te r  g a in s  in  c a rd io v a sc u la r  f i t n e s s .  A t h i r d  purpose 
was to  in v e s t ig a te  th e  p o s s ib le  d if fe re n c e  in  e f f e c t iv e n e s s  among th e  
v a r io u s  t r a in in g  programs f o r  p e rso n s  o f h igh  i n i t i a l  c a rd io v a sc u la r  
e f f ic ie n c y  o r  w ith  low i n i t i a l  c a rd io v a sc u la r  e f f ic ie n c y .
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I I I .  DELIMITATIONS OF THE STUDY
The s u b je c ts  f o r  t h i s  s tu d y  were male s tu d e n ts  e n ro lle d  in  
th e  re q u ire d  p h y s ic a l  ed u ca tio n  program  a t  Kansas S ta te  Teachers 
C o lleg e , Em poria, K ansas, in  th e  f a l l  o f  1965*
S u b jec ts  were asked to  r e f r a i n  from any o u ts id e  v igo rous 
e x e rc ise  o r  a c t i v i t y  b u t ,  o b v io u s ly , t h i s  re q u e s t could  n o t be 
en fo rced . O ther f a c to r s  such a s  d i e t ,  s le e p , and schoo l a c t i v i t i e s  
were beyond th e  c o n tro l  o f  th e  in v e s t ig a to r .
The p e r io d  o f t r a in in g  was l im ite d  to  n in e  weeks. On th e  
o th e r  hand, s in c e  th e  t r a in in g  p e r io d  o f  n in e  weeks encompassed th e  
sea so n a l w eather changes from Septem ber to  November in  term s o f  
te m p e ra tu re , h u m id ity , and o th e r  c o n d it io n s , th e  w eather may p o s s ib ly  
have been  an in f lu e n c in g  f a c to r .
IV. DEFINITION OF TERMS
. Iso m e tric  g roup . R efe rs  to  th e  group o f  s tu d e n ts  p a r t ic ip a t in g  
in  th e  iso m e tr ic  t r a in in g  program  in  t h i s  s tu d y .
Running g ro u p s . The th r e e  groups o f s tu d e n ts  engaged in  
con tinuous run n in g  (o r  w alk in g , when n ecessa ry ) f o r  t e n ,  tw en ty , and 
t h i r t y  m inutes each c la s s  p e r io d .
Buddy system . Two s tu d e n ts  o f app rox im ate ly  th e  same s iz e  and 
body b u i ld  were p a ir e d ,  w ith  each s tu d en t o f fe r in g  th e  n e c e ssa ry  amount 
o f r e s i s ta n c e  a g a in s t  h i s  p a r t n e r 's  a ttem pted  movement, to  produce an 
iso m e tr ic  c o n tra c t io n .
CHAPTER II
REVIEW OF LITERATURE
The review ed l i t e r a t u r e  p e r ta in in g  to  th e  development o f  
c a rd io v a sc u la r  e f f ic ie n c y  was c a te g o riz e d  and p laced  under th e  
fo llo w in g  h ead in g s : ( l )  S tu d ie s  concern ing  th e  developm ent o f  
c a rd io v a sc u la r  e f f ic ie n c y  by ru n n in g  program s; (2) S tu d ie s  p e r ta in in g  
to  c a rd io v a sc u la r  e f f ic ie n c y  and iso m e tr ic  e x e rc is e  program s; and 
(3) S tu d ie s  on th e  development o f  c a rd io v a sc u la r  e f f ic ie n c y  by 
v a r io u s  o th e r  t r a in in g  m ethods.
I .  STUDIES CONCERNING THE DEVELOPMENT OF CARDIOVASCULAR 
EFFICIENCY BY RUNNING PROGRAMS
Running has  long  been a s s o c ia te d  w ith  in c re a sed  endurance and 
improved c a rd io v a sc u la r  e f f ic ie n c y .  D r. C a rle to n  Chapman, P re s id e n t 
o f  th e  American H eart A sso c ia tio n , s ta te d  t h a t  jogg ing  fo u r  m iles  
th re e  days a  week i s  e f f e c t iv e  in  m a in ta in in g  a h e a lth y  h e a r t .
Yet K i s t l e r ,  in  a  study  in v o lv in g  1,650 c o lle g e  men engaged in  a  
p h y s ic a l  f i t n e s s  program d u rin g  World War I I ,  concluded th a t  th e  
c a r d io re s p i r a to r y  endurance appeared  to  be th e  most d i f f i c u l t  p h y s ic a l 
f i t n e s s  v a r ia b le  to  im prove.2 A ccording to  W illgoose , an e x e rc ise
'''The Houston P o s t , June 11 , 1965.
2J .  W. K i s t l e r ,  "A Study o f  th e  R e s u lts  o f  E ig h t Weeks o f  P a r t i ­
c ip a t io n  in  a  U n iv e rs ity  P h y s ic a l F i tn e s s  Program f o r  Men," R esearch 
Q u a r te r ly , XV (March, 1944), 23-26 .
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must be re p e a te d  s u f f i c i e n t ly ,  as  in  runn ing  th e  q u a r te r  m ile , in  
o rd e r  to  develop  c a rd io v a sc u la r  f i t n e s s . 3 S co tt and C ra f ts  a ffirm ed  
W illg o o se 's  s ta tem en t by co n c lu d in g , "Probably  th e  b e s t  s in g le  
e x e rc is e  to  b u i ld  th e  q u a l i ty  o f endurance i s  ru n n in g ." ^
In  a  tw elve-w eek h igh  schoo l t r a c k  program , Noon compared 
th e  e f f e c t s  o f  d is ta n c e  running  to  th o se  o f  speed run n in g  on card io ^ . 
v a s c u la r  e f f ic ie n c y .  He concluded t h a t  th e  speed group re q u ire d  a  
lo n g e r  tim e to  r e tu rn  to  th e  p re -e x e rc is e  p u lse  r a t e  a f t e r  a 
s tan d a rd iz ed  e x e rc ise  th a n  th e  d is ta n c e  g r o u p .5 T u t t l e  and W alker 
a ls o  s tu d ie d  p u lse  reco v ery  r a te s  in  h ig h  school boys p a r t ic ip a t in g  
in  a t r a c k  program . From th e  r e s u l t s  o f  a  s to o l  s te p p in g  t e s t  th e y  
found a  change in  reco v ery  r a te  in  te rm s o f  p re -s e a so n  and p o s t­
season c o n d itio n . Although th e se  changes were n o t s t a t i s t i c a l l y  
s ig n i f i c a n t ,  th e  a u th o rs  concluded t h a t  improvement d id  occur because 
o f  th e  few er h e a r t  b e a ts  re q u ire d  t o  re a ch  th e  p re -e x e rc is e  r e s t i n g  
l e v e l . ^
3
• 'u a r l  E. W illgoose, E v a lu a tio n  in  H ealth  E ducation  and 
P h y s ica l E ducation  (New York: M cGraw-Hill, 1961), p .  107-
^Phebe M. S c o tt and V irg in ia  R. C ra f ts ,  T rack and F ie ld  f o r  
G ir ls  and Women, (New York: A p p le to n -C en tu ry -C ro fts , 1964)', P* 157-
^Thomas Joseph Noon, J r . ,  "The E f fe c ts  o f Speed T ra in in g  and 
O ver-D istance T ra in in g  on Young Runners" (unpub lished  M. A. t h e s i s ,  
San Diego S ta te  C o lleg e , San D iego, 1963) .
^W. W. T u t t le  and Frank H. W alker, "The E f f e c t s  o f . A Season 
o f  Training, and C om petition on th e  Response o f th e  H earts  o f High 
School B oys," R esearch Q u a r te r ly . XI (December, 1 9 4 0 ), 78-81.
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King compared th e  improvement in  sco res  on th e  Harvard S tep  
T e st r e s u l t in g  from b ic y c lin g  a s  opposed to  ru nn ing  in  a study  o f  
tw e n ty -fo u r  c o lle g e  women. Each group met f iv e  days a  week f o r  
fo u r  weeks, a t  which tim e th e  s u b je c ts  would e i t h e r  run  o r  b ic y c le  
o v e r a  one and o n e -h a lf  m ile  co u rse . Her f in d in g s  were as fo llo w s :
1. Both programs showed a  s t a t i s t i c a l l y  s ig n i f ic a n t  improve­
m ent, a t  th e  one p e r  cen t l e v e l  o f  co n fid en ce , between th e  
i n i t i a l  and f i n a l  H arvard S tep  T est in d ex  s c o re s .
2. There was no s ig n i f ic a n t  d if f e r e n c e  between b ic y c lin g  
and runn ing  groups in  s i t t i n g  p u lse  r a t e  a f t e r  t r a in in g .
3 . There was no s ig n i f i c a n t  d if f e r e n c e  betw een th e  program s 
on th e  H arvard Step T est perform ance a t  th e  end o f th e  t r a in in g
program .7
Cunningham's s tu d y  o f  o u ts ta n d in g  a th l e t e s  rev ea led  th a t  
th o s e  a th le te s  invo lved  in  m iddle and long  d is ta n c e  t ra c k  ev en ts  
w ere c h a ra c te r iz e d  by a  low p u lse  and l a t e n t  reco v ery  r a t e .^
B a n is te r  compared fo u r  methods o f  dev elo p in g  f i tn e s s  in  
f i f ty - tw o  fo u r te e n  and f i f t e e n  y e a r  o ld  boys. The boys were 
eq u a ted  i n i t i a l l y  acco rd in g  to  M cCloy's C la s s i f i c a t io n  Index,
L arson  S tre n g th  T e s t, and th e  H arvard S tep  T e s t. The s u b je c ts  met 
once weekly f o r  two months and were a ss ig n ed  to  one o f  fo u r  g roups.
The groups w ere:
7Louise Chloe K ing, "An In v e s t ig a t io n  o f  th e  E f fe c ts  o f  Two 
T ra in in g  Programs on S e le c te d  C a rd io -R e sp ira to ry  V ariab les  o f  C o llege 
Women" (m icrocarded M. S. t h e s i s ,  Woman's C ollege o f th e  U n iv e rs ity  
o f  N orth  C a ro lin a , 1962).
Glenn Cunningham, "The R e la tio n sh ip  o f  S e le c te d  C ard io v ascu la r 
and S tren g th  M easures to  P h y s ic a l F i tn e s s  o f O u tstand ing  A th le te s"  
(m icrocarded  Ph.D. d i s s e r t a t i o n ,  New York U n iv e rs ity , New York, 1938).
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I .  I n te r v a l  c i r c u i t — The s u b je c ts  perform ed on a s p e c ia l  
c i r c u i t  em phasizing maximum r e s is ta n c e  e x e rc is e s  in  
a d d i t io n  to  a tw o-m ile  ru n .
I I .  C ir c u i t  ru n —A s ta n d a rd  c i r c u i t  o f  v a ry in g  in t e n s i ty  w ith  
sub-maximal r e s i s ta n c e  e x e rc is e s  employed along  w ith  
ru n n in g  two m ile s .
I I I .  C i r c u i t  a c t i v i t y — The s u b je c ts  in  t h i s  group perform ed 
on th e  s ta n d a rd  c i r c u i t  as  d id  th e  p reced in g  group.
However, th e  s u b je c ts  f i r s t  su p e rv ised  th e  a c t i v i t y  and 
l a t e r  p a r t i c ip a te d .  C onsequently , th e y  were in a c t iv e  
ap p rox im ate ly  o n e - th ird  o f  th e  tim e .
IV. Games group—The s u b je c ts  in  t h i s  group spen t t h e i r  e n t i r e  
t r a in in g  p e r io d  p la y in g  b a s k e tb a l l ,  s o c c e r , v o l le y b a l l ,  
f o o tb a l l ,  and s o f t b a l l .
A com parison o f  th e  r e s u l t s  o f  th e  fo u r  methods showed th a t  th e  
method u s in g  p ro g re s s iv e  r e s i s ta n c e  o rg an ized  so t h a t  maximum r e s is ta n c e  
e x e rc is e s  were alw ays u sed , combined w ith  a tw o-m ile endurance ru n , was 
th e  o n ly  method to  show s u p e r io r i ty  over any o th e r  group on a  com posite 
f i t n e s s  sco re  which in c lu d ed  c a rd io v a sc u la r  e f f i c i e n c y .9
I I .  STUDIES PERTAINING TO CARDIOVASCULAR EFFICIENCY 
AND ISOMETRIC EXERCISE PROGRAMS
There have been v e iy  few s tu d ie s  re p o r te d  concern ing  th e  e f f e c t s
Q
7E. ¥ .  B a n is te r ,  "A Comparison o f  F i tn e s s  T ra in in g  Methods in  
a  School Program ," R esearch Q u a r te r ly . XXXVI (December, 1956), 387«392.
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o f  iso m e tr ic  e x e rc is e s  on c a rd io v a sc u la r  e f f ic ie n c y .  U n ti l  v ery  
r e c e n t ly ,  as  ev idenced in  th e  in tro d u c tio n  o f  t h i s  s tu d y , most o f 
th e  l i t e r a t u r e  in d ic a te d  th a t  iso m e tr ic  e x e rc is e s  would n o t develop 
c a rd io v a sc u la r  f  i t n e s s .1 0 ,1 1 ,1 2
A lo st in v e s t ig a te d  th e  e f f e c t s  o f  i n i t i a l  c a rd io v a sc u la r  
c o n d it io n , type o f  c o n d itio n in g  program , and freq u en cy  o f e x e rc ise  
upon improvement in  th e  H arvard S tep  T e s t .  The ty p e s  o f  c o n d itio n ­
in g  program s were s ix ty  seconds o f  iso m e tr ic  e x e r c is e ,  and a  one- 
m inute ru n . Two hundred f o r ty  c o lle g e  male s tu d e n ts  were c l a s s i f i e d  
a s  above average o r  below average on th e  b a s is  o f  t h e i r  i n i t i a l  
H arvard S tep  T est sco re s  and were th e n  d iv id ed  in to  tw elve groups. 
H alf o f  th e  s u b je c ts  in  each c l a s s i f i c a t io n  o f  above o r  below 
average p a r t ic ip a te d  in  runn ing  f o r  e i th e r  tw o, th r e e ,  o r  f iv e  days 
p e r  week; th e  o th e r  h a l f  o f  th e  above and below  average s u b je c ts  
engaged in  iso m e tr ic  e x e rc is e s  f o r  tw o, th r e e ,  o r  f iv e  days p e r  week. 
The r e s u l t s  o f th e  study  were a s  fo llo w s :
1 . As m easured in  th e  s tu d y , th e re  was no s ig n i f i c a n t  
' d if fe re n c e  in  th e  e f fe c t iv e n e s s  o f  an iso m e tr ic  c o n tra c tio n  
e x e rc ise  program  and a runn ing  program  o f t r a in in g  in  developing  
c a rd io v a sc u la r  c o n d itio n .
■^H. H arriso n  C la rk e , " Iso m e tric  V ersus I s o to n ic  E x e rc is e ,"  
P h y s ic a l E ducation  N e w s le tte r . S e r ie s  IX, No. 6 (F eb ru ary , 1963)> 1.
^Thomas K. C ureton , "P u ttin g  P h y s ica l F i tn e s s  in to  P h y s ica l 
E d u c a tio n ,"  Jo u rn a l o f  th e  Canadian A sso c ia tio n  f o r  H e a lth , P h y sica l 
E ducation  and R e c re a tio n . XXIX (O c t.-N o v ., 1962), 21-22.
•^ F ra n k lin  M. Henry and Frank L. K leeb e rg e r, "The V a lid ity  o f 
th e  P u lse -R a tio  T est o f  C ardiac E f f ic ie n c y ,"  R esearch  Q u a r te r ly . IX 
(March, 1938), 3 2 -4 6 .— -    ^
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2 . In d iv id u a ls  in  below average c a rd io v a sc u la r  c o n d itio n  
tended  to  g a in  more th a n  th o se  in  above average c o n d it io n , b u t 
d u rin g  th e  p e r io d  o f  s tu d y  th e  below  average group d id  n o t o b ta in  
th e  p h y s ic a l  c o n d itio n  o f  th e  above average group.
3 - improvement in  c a rd io v a sc u la r  c o n d itio n , as  m easured in  
th e  s tu d y , in c re a se d  as  th e  freq u en cy  o f p r a c t ic e  p e r io d s  in c re a se d .
4 . S tre n g th  and running  perform ance were d i r e c t ly  r e la te d  to  
frequency  o f  p r a c t ic e  p e rio d s  w ith in  th e  l im i ta t io n s  o f  th e  
s tu d y .13
S im ila r  r e s u l t s  were found by L ife  in  a study o f  c o lle g e  
women. Four groups o f s u b je c ts  were g iv en  i n i t i a l  and f i n a l  p h y s ic a l  
f i t n e s s  and c a rd io v a sc u la r  e f f ic ie n c y  t e s t s .  The d e s ig n a tio n  o f  th e  
fo u r  groups were swimming, g o l f ,  swimming p lu s  iso m e tr ic  e x e rc is e s ,  
and g o lf  p lu s  iso m e tr ic  e x e rc is e s .  From th e  f in d in g s  th e  fo llo w in g  
co n c lu s io n s  were drawn:
1 . In te rm ed ia te  swimming im proves th e  c a rd io v a sc u la r  e f f i ­
ciency  o f c o lle g e  women, w hereas beg inn ing  g o lf  a s  ta u g h t in  
t h i s  program  does n o t .
2 . In te rm ed ia te  swimming w ith  s u p p le m e n ta l  iso m e tr ic  e x e rc ise  
and b eg inn ing  g o lf  w ith  supplem entary  iso m e tric  e x e rc is e  improve 
th e  c a rd io v a sc u la r  e f f ic ie n c y  o f  c o lle g e  women.
The r e s u l t s  o f K enn ison 's  com parative study  o f an iso m e tr ic  
e x e rc is e  program w ith  a  c o n d itio n in g  e x e rc is e  program on th e  develop­
ment o f p h y s ic a l  f i t n e s s  and c a rd io v a s c u la r  e f f ic ie n c y  in  c o lle g e  men
^Robert A llen  A lo s t, "A S tudy o f  th e  E f fe c ts  o f  I n i t i a l  C ard io­
v a s c u la r  C o n d itio n , Type o f  T ra in in g  Program and Frequency o f  P ra c t ic e  
P e rio d  Upon th e  C ard io v ascu la r Development o f  College Men" (unpub lished  
Ed.D. d i s s e r t a t i o n ,  L o u isian a  S ta te  U n iv e rs i ty , 1963).
^S fary  L ou ise  L if e ,  "The E f f e c ts  o f  Supplem entary E x e rc ise s  
w ith  Swimming and G olf on S e le c te d  P h y s io lo g ic a l F a c to rs  o f  C ollege 
Women" (u n pub lished  Ph.D. d i s s e r t a t i o n ,  L o u isian a  S ta te  U n iv e rs ity , 
1964).
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s u b s ta n t ia te  th e  f in d in g s  in  L i f e 's  s tu d y . One group perform ed th e  
Navy f i t n e s s  t e s t  item s th r e e  days weekly f o r  s ix  weeks, w hereas 
th e  iso m e tr ic  group perform ed iso m e tr ic  e x e rc is e s  f o r  an e q u a l amount 
o f  tim e . The iso m e tr ic  group was s ig n i f i c a n t ly  s u p e r io r  to  th e  
c o n d itio n in g  e x e rc ise  group in  c a rd io v a sc u la r  f i t n e s s  improvement 
a s  m easured by th e  H arvard Step T e s t.^ 5
Hodgson compared th e  e f f e c t s  o f  c i r c u i t  t r a in in g  to  th o s e  of 
iso m e tr ic  e x e rc is e s  upon t r e a d m il l  perform ance. Three groups o f 
c o lle g e  freshm en e n ro lle d  in  a  five-w eek  badm inton u n i t  took  p a r t  in  
t h i s  s tu d y . One group p ra c t ic e d  c i r c u i t  t r a in in g  f o r  te n  m inu tes  
each c la s s  p e r io d j  a n o th e r  group engaged in  iso m e tr ic  e x e rc is e s  fo r  
t e n  m inutes in  a d d it io n  to  badm inton. The t h i r d  group serv ed  a s  a 
c o n tro l  group and p a r t ic ip a te d  on ly  in  badm inton. Hodgson concluded 
th a t  te n  m inu tes o f c i r c u i t  t r a in in g  o r  iso m e tr ic s  were no more 
e f f e c t iv e  in  t r e a d m il l  perform ance th a n  was badm inton, and t h a t  
c i r c u i t  t r a in in g  caused s ig n i f i c a n t ly  g r e a te r  improvement in  t r e a d m il l  
perform ance th a n  d id  iso m e tr ic  e x e r c is e s . 16
K irby in v e s t ig a te d  th e  r e l a t iv e  e f f e c t s  o f  f iv e  e x e rc is e  
program s in v o lv in g  d i f f e r e n t  amounts o f  e x e rc ise  on th e  developm ent
15James E. K ennison, "A Comparison o f th e  E f fe c t iv e n e s s  o f  a 
Program o f Iso m e tr ic  T ra in in g  w ith  a Program o f  C ond ition ing  E x e rc ise  
on th e  Development o f  P h y s ic a l F i tn e s s "  (unpub lished  study , L o u is ian a  
S ta te  U n iv e rs i ty ,  1965)•
■^James L. Hodgson, "The E f f e c ts  o f  C ir c u i t  T ra in ing  and 
Iso m e tric  E x e rc ise  on T read m ill P erform ance," R esearch  Q u a r te r ly ,
XXXIV (May, 1963), 158-162.
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of p h y s ic a l  f i t n e s s  a s  measured by th e  Harvard Step T est and th e  
JCR T e s t .  A t o t a l  o f  140 c o lle g e  m ales served  as s u b je c ts .  The f iv e  
e x e rc ise  groups were as  fo llo w s :
Group I :  B asic  a c t i v i t y  and one iso m e tr ic  e x e rc ise .
Group I I :  B asic a c t i v i t y  and one iso m e tric  e x e rc is e  p lu s  
running  in  p la c e .
Group I I I :  B asic a c t i v i t y  and one iso m e tric  e x e rc ise  p lu s  
running  in  p lace  a n d ,th e  v e r t i c a l  jump.
Group IV: B asic a c t i v i t y  and one iso m e tr ic  e x e rc ise  p lu s  
running  in  p la c e , v e r t i c a l  jump, and push-ups.
Group V: Enrollm ent in  a  scheduled co n d itio n in g  e x e rc ise  c la s s .  
K irby concluded:
1 . The c a rd io v a sc u la r  e f f ic ie n c y ,  as  measured by th e  Harvard 
S tep  T e s t, can be s ig n i f ic a n t ly  improved by engaging in  a  very  
few b r i e f ,  v ig o ro u s e x e rc is e s  perform ed in  a d d itio n  to  re g u la r  
p h y s ic a l  ed u ca tio n  c la s s  a c t i v i t i e s .
2 . C ard io v ascu la r f i t n e s s  may be developed by perform ing one 
iso m e tr ic  e x e rc is e ,  in  a d d it io n  to  re g u la r  p h y s ic a l education  
c la s s  a c t i v i t y ,  eq u a lly  as  w e ll as by engaging in  a  p h y s ic a l 
ed u ca tio n  a c t i v i t y  composed e n t i r e ly  o f  c a l i s th e n ic s ,  weight 
t r a in in g ,  and iso m e tr ic  e x e rc is e s .
In  S h v a rtz 1s study  o f th e  e f f e c ts  o f  iso to n ic  and iso m e tric  
e x e rc ise  on th e  h e a r t  r a t e  o f tw elve  c o lle g e  m ales, i t  was noted  th a t :
1 . Iso m etric  and iso to n ic  e x e rc ise s  perform ed w ith  o n e -h a lf  
maximum load  can s tim u la te  h e a r t  r a t e  e q u a lly .
^Ronald F. K irby , "The E f fe c ts  o f  Various E x e rc ise  Programs 
In v o lv in g  D if fe re n t Amounts o f  E x e rc ise  on th e  Development o f C e rta in  
Components o f P h y s ic a l F itn e ss "  (unpublished  Ed.D. d i s s e r ta t io n ,  
L o u is ian a  S ta te  U n iv e rs ity , 1966) .
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2 . In c re a s in g  th e  load  in  iso m e tr ic  c o n tra c tio n  r e s u l t s  in  a 
p ro p o r tio n a l  in c re a se  in  h e a r t  r a t e .
3 . Maximum te n s io n  developed is o m e tr ic a lly  r e s u l t s  in  a  n ea r 
tw o -fo ld  in c re a se  in  h e a r t  r a te .l®
Thompson found th a t  iso m e tr ic  work o f  squeezing a g r ip  
dynamometer f o r  one m inute a t  maximum e f f o r t  compared to  an iso to n ic  
e f f o r t  o f  a one-m inute e x e rc ise  on a  b ic y c le  ergom eter d if f e r e d  in  
th e  e f f e c ts  on th e  d i a s to l i c  b lood p re s s u re . Both e x e rc is e s  caused 
a sharp  r i s e  in  s y s to l ic  b lood p re s s u re ;  th e  iso m e tric  ex e rc ise  
caused a s ix ty -sec o n d  r e tu rn  to  normal r e s t in g  le v e l .  Iso to n ic  
e x e rc ise  had a  l i k e  sharp  in c re a se  bu t m ain ta ined  th e  in c reased  r a te  
f o r  a  lo n g e r p e r io d  o f tim e . In  th e  d i a s to l i c  p re ssu re  th e  iso m etric  
e x e rc ise  caused an in c re a se  and a r e tu rn  to  normal w ith in  t h i r t y  
seconds a f t e r  th e  end o f th e  e f f o r t  whereas th e  is o to n ic  d id  no t 
cause a s ig n i f ic a n t  in c re a se , Thompson in d ic a te d  th a t  th e  d iffe re n c e  
in  th e  d ia s to l i c  p re s su re  r e s u l te d  from th e  lack  o f p e r ip h e ra l  
r e s is ta n c e  d u rin g  th e  iso m e tr ic  e x e rc ise s  enab ling  c i r c u la t io n  to  be 
p laced  under co n s id e rab ly  le s s  s t r e s s . 19
In  a  s tudy  by Royce in v e s t ig a t in g  th e  e f f e c ts  o f  iso m etric  
e x e rc is e s  on c i r c u la t io n ,  i t  was no ted  th a t  w ith  a s ix ty  p e r  cent 
c o n tra c tio n  o f  th e  m uscle*s s tr e n g th ,  blood flow  to  th e  muscle i s
1SEsar S h v a rtz , "E ffe c ts  o f  Iso to n ic  and Iso m etric  E x erc ise  
on H eart R a te ,"  R esearch  Q u a r te r ly , XXXVII (March, 1966), 121-125.
■^Clem W. Thompson, "Some P h y sio lo g ic  E f fe c ts  o f  Isom etric  and 
Iso to n ic  Work in  Man," R esearch Q u a r te r ly , XXV (December, 1954), 
476-482.
s to p p ed . Royce concluded th a t  in  a  s tro n g  iso m e tr ic  e x e r c is e ,  th e  
c i r c u la t io n  i s  occluded by th e  i n t e r n a l  m uscle p r e s s u r e . 20
In  a  s tu d y  by Hamilton p e r ta in in g  to  th e  e f f e c t s  o f  iso m e tr ic  
e x e rc is e  on th e  c a rd io v a sc u la r  e f f ic ie n c y  o f .e ig h th  g rade  g i r l s ,  
a  six-w eek th ree -d ay s-a -w eek  t r a in in g  program was employed.
H am ilton concluded t h a t  f o r  th e  s u b je c ts  used in  th e  s tu d y , iso m e tr ic  
e x e rc is e s  d id  s ig n i f ic a n t ly  improve c a rd io v a sc u la r  e f f ic ie n c y ;  f o r  
s u b je c ts  i d e n t i f i e d  as  having low c a rd io v a sc u la r  e f f ic ie n c y ,  is o to n ic  
e x e rc is e s  were b e t t e r  th an  iso m e tr ic  e x e rc ise s  f o r  develop ing  
c a rd io v a sc u la r  e f f ic ie n c y . 21
I I I .  STUDIES ON THE DEVELOPMENT OF CARDIOVASCULAR EFFICIENCY 
BY VARIOUS OTHER TRAINING METHODS
The c o n tr ib u tio n  o f s tren u o u s  e x e rc ise  to  c a rd io v a sc u la r  
e f f ic ie n c y  was s tu d ie d  by W alte rs . T w enty-three c o lle g e  women 
p a r t ic ip a te d  in  an e x e rc ise  program f o r  te n  m inu tes and f i f t e e n  
seconds each day fo r  f iv e  weeks. The e x e rc is e s  w ere rope jum ping, 
m o d ified  p u sh -u p s , s i t - u p s ,  ru n n in g , and p u l l -u p s .  No r e s t in g  was 
allow ed  w hile  changing from one e x e rc is e  to  a n o th e r . Follow ing t e s t i n g
— 90^ J o s e p h  Royce, " Iso m e tric  F a tig u e  Curves in  Human Muscle w ith  
Normal and O ccluded C irc u la t io n ,"  R esearch  Q u a r te r ly . XXIX (May, 1958), 
204.
21Xandra L. H am ilton, "The E f f e c ts  i f  Iso m e tr ic  and I s o to n ic  
Endurance E x e rc ise s  on th e  Development o f  C ard io v ascu la r E f f ic ie n c y  
o f  E igh th  Grade G ir ls  C la ss if ie d ,A c c o rd in g  to  I n i t i a l  C a rd io v ascu la r 
E f f ic ie n c y  and W eight" (unpublished  Ed.D. d i s s e r t a t i o n ,  L o u is ian a  
S ta te  U n iv e rs i ty , 1966) .
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a t  th e  com pletion o f  th e  s tu d y , and ag a in  two weeks l a t e r ,  on p e r­
formance on a b ic y c le  ergom eter, th e  a u th o r concluded:
1 . Short in te n s iv e  t r a in in g  improves p h y s ic a l e f f ic ie n c y .
2 . Changes l a s te d  th rough  two weeks fo llo w in g  c e s s a t io n  o f 
th e  t r a in i n g .^2
In  a s tudy  somewhat s im ila r  to  th e  p re se n t in v e s t ig a t io n  
D um in, Brockway and W hitcher u t i l i z e d  f o r ty - fo u r  c o lleg e  men in  a 
s ix ty -d a y  t r a in in g  program c o n s is t in g  o f  w alking v a rio u s  d is ta n c e s .  
The d is ta n c e s  walked were th e  te n  k ilo m e te rs ,  tw enty  k ilo m e te rs ,  and 
t h i r t y  k ilo m e te rs , which were com pleted a t  th e  s u b je c t ’ s own r a t e .  
From th e  f in d in g s ,  th e  a u th o rs  concluded th a t  w alking tw enty  k i lo ­
m eters d a i ly  produced th e  b e s t  r e s u l t s  in  f i t n e s s  c o n s is t in g  o f  
pulmonary v e n t i l a t io n ,  oxygen consumption and h e a r t  r a te  d u rin g  th e  
t e s t
L inder s tu d ie d  tw enty-one v a r s i ty  crew members p a r t ic ip a t in g  
in  a  season o f  v a r s i ty  row ing. S ig n if ic a n t  improvement was found in  
endurance and c a rd io v a sc u la r  co n d itio n in g  o f th e  crew members, 
measured by r e s t in g  and e x e rc ise  h e a r t  r a t e  and recovery  r a te .^ 4
22C. E t ta  W alte rs , "A Study o f  th e  E f fe c ts  o f  P re sc rib e d  
S trenuous E x e rc ise  on th e  P h y s ic a l E f f ic ie n c y  o f  Women," R esearch 
Q u a r te r ly . XXIV (March, 1953 ;, 102-111.
23 j .  v . G. A. D um in, J .  M. Brockway, and H. W. W hitcher, 
" E ffe c ts  o f a  S h o rt P erio d  o f  T ra in in g  o f Varying S e v e r ity  on Some 
Measurements o f  P h y s ica l F i tn e s s ,"  Jo u rn a l o f  A pplied P h y sio lo g y , XV 
(I9 6 0 ), 161-165.
^ R o n a ld  L. L in d e r, "A Comparison of C e rta in  C ard io v ascu la r 
Measurements o f  V a rs ity  Crew-Men as Determined by Pre-Season and Mid- 
Season Test Perform ances on th e  T readm ill"  (unpublished  M.S. t h e s i s ,  
U n iv e rs ity  o f  W ashington, S e a t t l e ,  1963) .
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Caro in v e s t ig a te d  th e  e f f e c t s  o f  w re s t l in g  on improvement o f 
c a rd io v a sc u la r  f i t n e s s .  Twenty c o lle g e  freshm en com pleted a  s ix -d a y - 
a-w eek, th ree-w eek  program  in v o lv in g  th e  p e r f e c t in g  o f two w re s tl in g  
moves. The g a in  in  sc o re s  between th e  i n i t i a l  and f in a l  sc o re  on th e  
H arvard S tep  T est was n o t s ig n i f i c a n t .25
M ichael and G allon  a ttem p ted  to  id e n t i f y  th e  s e le c te d  
p e r io d ic  p h y s io lo g ic a l  changes t h a t  occu rred  d u rin g  a season  o f 
c o lle g e  b a s k e tb a l l .  Seventeen v a r s i t y  p la y e rs  were g iven  a  s tep  
t e s t  i n i t i a l l y ,  and th e n  p e r io d ic a l ly  th roughou t th e  season . Improve­
ment was n o ted  a s  th e  season p ro g re sse d . At th e  end o f th r e e  weeks 
th e re  were changes s ig n i f i c a n t  a t  th e  .05 l e v e l \ a t  th e  end o f  six: 
weeks, changes s ig n i f i c a n t  a t  th e  .01  l e v e l ,  a t  which p o in t  a  p la te a u  
was reach ed . By th e  end o f  th e  s ix te e n th  week th e  g r e a te s t  changes 
had o ccu rred  in  c a rd io v a sc u la r  e f f i c i e n c y . 26
C u n d if f  s s tu d y  on c o lle g e  v a r s i ty  b a s k e tb a l l  p la y e rs  sub­
s ta n t i a t e d  M ichael and G a llo n 's  f in d in g s .  C u n d iff te s te d  c a rd io ­
v a s c u la r  e f f ic ie n c y  ev ery  th re e  weeks d u rin g  th e  season and found th a t  
between th e  f i r s t  and s ix th  t e s t  th e  g r e a te s t  changes had occurred..
The s tu d y  was conducted over a  f if te e n -w e e k  p e r i o d . 2 7
^ F r e d  J .  C aro, "C ond ition ing  E f f e c ts  o f  Two W restlin g  D r i l ls "  
(unpub lished  M.S. t h e s i s ,  S p r in g f ie ld  C o lleg e , 1963).
E rn es t D. M ichael and A rth u r G allo n , "P erio d ic  Changes in  th e  
C irc u la t io n  During A th le t ic  T ra in in g  as  R e f le c te d  by a S tep  T e s t,"  
R esearch  Q u a r te r ly . XXX (O ctober, 1959), 303-311-
^ D a v id  E. C u n d iff , "P ro g ress iv e  Changes in  C e rta in  C ard io v ascu la r 
Measurements During a  Season o f  B a sk e tb a ll"  (unpublished  M.S. th e s i s ,  
U n iv e rs ity  o f  I l l i n o i s ,  1 9 6 l) .
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Davis s tu d ie d  th e  e f f e c t s  o f  swimming on f iv e  p h y s io lo g ic a l  
f a c to r s ,  one o f which was c a rd io v a sc u la r  e f f ic ie n c y .  T ested  
i n i t i a l l y ,  t h i r t y  c o lle g e  m ales swam two hundred yard s  f o r  f iv e  
w eeks. The r e s u l t s  between th e  i n i t i a l  and f i n a l  t e s t s  re v e a le d  th a t  
swimming a s  employed in  t h i s  s tu d y  d id  n o t cause s ig n i f i c a n t  improve­
ment in  c a rd io v a sc u la r  c o n d itio n .
C onversely , Anderson concluded th a t  a swimming program would 
s ig n i f i c a n t ly  improve t r e a d m il l  perform ance ex cep t in  re g a rd  to  
r e s p i r a t i o n .^9 Morer a lso  s tu d ie d  th e  e f f e c t s  o f  swimming on th e  
developm ent o f c a rd io v a sc u la r  f i t n e s s .  The t r a in in g  program  was f o r  
e ig h t weeks d u rin g  which tw enty-tw o c o lle g e  women swam a  q u a r te r  
m ile  each p r a c t ic e  s e s s io n ; s ix te e n  c o lle g e  women p a r t ic ip a te d  in  
an in te rm e d ia te  swimming c la s s ;  and tw enty-one c o lle g e  women a c te d  
a s  th e  c o n tro l  g roup . A ll groups were i n i t i a l l y  t e s t e d  on th e  H arvard 
S tep T e st f o r  women as  one o f  fo u r  v a r ia b le s  under s tu d y . The a u th o r 
concluded th a t  th e  d is ta n c e  swimmers and th e  in te rm e d ia te  swimmers 
b o th  improved s ig n i f i c a n t ly  in  b re a th in g  c a p a c ity  and in  Harvard
S t e p  T e s t  p e r f o r m a n c e ,3 0
^ J a c k  F. D av is, " E ffe c ts  o f  T ra in in g  and C o n d itio n in g  f o r  
M iddle D istance Swimming Upon V arious P h y s ic a l M easures,"  R esearch 
Q u a r te r ly , XXX (December, 1959), 399-412.
^Thomas Donald Anderson, " C a rd io re sp ira to ry  Changes O ccurring  
in  U n iv e rs ity  Freshman Males a s  Measured by T read m ill P erfonuances 
A fte r  Ten Weeks o f  P a r t ic ip a t io n  in  In te rm ed ia te  Swimming C lasses"  
(unpub lished  M.S. t h e s i s ,  U n iv e rs ity  o f  W ashington, S e a t t l e ,  1962) .
30^ Nancy Jean  M orer, "Some E f f e c ts  o f  a  Program o f D istance 
Swimming Upon S e le c te d  P h y s ic a l F i tn e s s  M easures" (unpub lished  M.A. 
t h e s i s ,  U n iv e rs ity  o f  C a lifo rn ia ,  B erk eley , 1962) .
20
Loy employed an ex ercy c le  as th e  method f o r  c o n d itio n in g  
u s in g  eleven  c o lle g e  men, c l a s s i f ie d  as overw eigh t, in  a ten-w eek 
t r a in in g  program . Of th e  e lev en , on ly  f iv e  s u b je c ts  com pleted th e  
f o r ty  se ss io n s  o f  work. The p u lse  r a t e s .o f  th e se  s u b je c ts  a f t e r  f iv e  
m inutes o f  s ta n d a rd ize d  e x e rc ise  were a l l  low er th an  when th e y  began 
th e  program.
Howell, Hodgson, and Sorenson in v e s tig a te d  th e  e f f e c t s  o f 
c i r c u i t  t r a in in g  upon Harvard S tep Test perform ance o f c o lle g e  men. 
Group I  com pleted fo u r  weeks o f c i r c u i t ’ t r a in in g  c o n s is t in g  o f  
tw elve d i f f e r e n t  e x e r c is e - t r a in in g - s ta t io n s .  Another group, com­
p a ra b le  to  Group I  in  number, p a r t ic ip a te d  in  a v o l le y b a l l  a c t i v i t y  
c la s s  f o r  an eq u a l amount o f tim e . The ex p erim en ta l c i r c u i t  t r a in in g  
group improved s ig n i f ic a n t ly  in  th e  Harvard S tep T e s t ,  w hereas th e  
c o n tro l  group d id  n o t .32
In s tu d ie s  u t i l i z i n g  w eight t r a in in g  as  th e  method f o r  
im proving c a rd io v a sc u la r  e f f ic ie n c y ,  th e re  have been c o n f l ic t in g  
r e s u l t s .  Nagle and Irw in in v e s tig a te d  th e  e f f e c t s  o f  two system s of 
w eight t r a in in g  on th e  c i r c u lo re s p i r a to ry  endurance o f s ix ty  c o lleg e  
freshm en. One group t ra in e d  w ith  low r e p e t i t io n  and h igh  r e s is ta n c e  
w h ile  th e  o th e r  group u t i l i z e d  a  h igh  r e p e t i t io n  and low r e s is ta n c e
31John ¥ .  Loy, J r . ,  "H eart R ate Changes and Energy E xpend itu res 
in  E x ercy c le -T ra in in g "  (unpublished  M.A. t h e s i s ,  S ta te  U n iv e rs ity  o f 
Iowa, Iowa C ity , 1963).
-^Maxwell L. Howell, James L. Hodgson, and J .  Thomas Sorenson, 
" E ffe c ts  o f  C irc u i t  T ra in in g  on th e  M odified Harvard S tep T e s t ,"  
R esearch Q u a r te r ly . XXXIV (May, 1963) ,  154-157*
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method. Both groups engaged in  th e  same th i r t e e n  e x e rc is e s  and 
b o th  t r a in e d  fo r  e ig h t weeks. For measurement, th e  perform ance on 
th e  b ic y c le  erograph, in  term s o f  len g th  o f  tim e to  reach  a h e a r t  b ea t 
o f  ISO tim es p e r  m in u te , re a d in g , was. employed. The r e s e a rc h e r s ' 
conclusion  was t h a t  n e i th e r  method of w eight t r a in in g  had any 
s ig n i f ic a n t  e f f e c t  on th e  s e le c te d  p h y s io lo g ic a l resp o n ses  to
e x e rc is e . 33
Brodt s tu d ie d  s ix te e n  c o lle g e  men e n ro lle d  in  a w eight 
t r a in in g  c la s s  which met th re e  to  f iv e  days p e r  week f o r  e ig h teen  
weeks. He found no s ig n i f ic a n t  improvement in  c a rd io v a sc u la r  
e f f ic ie n c y  as m easured by a  s te p  t e s t . 34
A study  s im ila r  to  B r o d t 's ,  in  desig n  as  w e ll  as  in  r e s u l t s ,  
was c i te d  by Shay. In  t h i s  unpublished  s tu d y , Jones found th a t  a  
s ix  and o n e -h a lf  week w eight t r a in in g  c la s s  d id  n o t s ig n i f ic a n t ly  
a f f e c t  th e  p h y s io lo g ic a l  c o n d itio n  o f tw e n ty -s ix  c o lle g e  m a l e s .35
Capin conducted a s tudy  o f  th e  com parative e f f e c t s  o f a w eight 
t r a in in g  program and a  co n d itio n in g  e x e rc ise  program , bo th  fo r  
e lev en  weeks, upon co lleg e  men. In  perform ance on a 300-yard
■^Frances J .  Nagle and L e s lie  W. Irw in , "E ffe c ts  o f  Two Systems 
o f  Weight T ra in in g  on C irc u lo re s p ira to iy  Endurance and R ela ted  
P h y sio lo g ic a l F a c to r s ,"  R esearch Q u a r te r ly , XXXI (December, I9 6 0 ), 
607-615.
•^M elvin E. B rod t, "Changes in  P h y sic a l F i tn e s s  A ssociated  
w ith  Weight L if t in g "  (unpub lished  M.S. t h e s i s ,  U n iv e rs ity  o f  I l l i n o i s ,  
1950).
•^C lay ton  T. Shay, " E ffe c ts  o f S p e c if ic  S p o rts  Upon F itn e s s "  
P ro ceed in g s . C ollege P h y sica l E ducation  A sso c ia tio n , 1957, 70-71.
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endurance t e s t ,  th e re  was no s ig n i f ic a n t  d if fe re n c e  between th e  two 
groups in  term s o f  c a rd io re s p ira to ry  e n d u r a n c e . 36
The on ly  s tudy  in v o lv in g  w eight t r a in in g  review ed by t h i s  
w r i te r  which showed p o s i t iv e  r e s u l t s  was re p o rte d  by K u s in itz  and 
Keeney. One group o f  ad o le scen t boys engaged in  a  program o f  
p ro g re s s iv e  w eight t r a in in g  a s  a supplem ent to  th e  re g u la r  p h y s ic a l  
ed u ca tio n  a c t i v i t y .  The o th e r  group a c te d  as  a  c o n tro l  group and 
engaged in  on ly  th e  p h y s ic a l ed u ca tio n  a c t i v i t y .  I t  was found th a t  
th e  mean gain  in  perform ance on th e  Harvard S tep T est was s ig n i f i ­
c a n tly  g r e a te r  f o r  th e  s u b je c ts  p a r t ic ip a t in g  in  w eight t r a in in g  
th an  f o r  th e  c o n tro l  g roup .37
IV. SUMMARY OF RELATED LITERATURE
The th re e  m ajor c a te g o r ie s  under which th e  r e la te d  l i t e r a t u r e  
was c l a s s i f i e d  w ere: ( l )  runn ing  program s, (2) iso m e tr ic s  program s, 
and (3) o th e r  t r a in in g  m ethods.
In  th e  s tu d ie s  re p o rte d  concerning running  a s  a method 
employed f o r  improving c a rd io v a sc u la r  e f f ic ie n c y ,  th e re  i s  g e n e ra l 
agreement th a t  i t  i s  e f f e c t iv e .  Four s tu d ie s  found th a t  running  long
3 ^Edward K. Capin, "The E ffe c t  o f  S ystem atic  Weight T ra in in g  
on Power, S tre n g th , and Endurance," Research Q u a r te r ly . XXI (May, 
1950), 83-93.
37Ivan K u s in itz  and C lif fo rd  E. Keeney, " E ffe c ts  o f  P ro g ress iv e  
Weight T ra in in g  on H ealth  and P h y sica l F itn e s s  o f  A dolescent Boys," 
R esearch Q u a r te r ly , XXIX (O ctober, 1958), 294-301.
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d is ta n c e s  was th e  b e s t  method in  o rd e r  to  sh o rten  th e  reco v ery  tim e 
and  lower r e s t i n g  p u lse  r a t e .  King n o ted  th a t  b ic y c lin g  had as  
s ig n i f ic a n t  a  r e s u l t  a s  d id  running  th e  same d is ta n c e . B a n is te r  
r e p o r te d  t h a t  c i r c u i t  t r a in in g  w ith  maximum r e s is ta n c e ,  p lu s  runn ing , 
had  b e t t e r  r e s u l t s  th a n  o th e r  com binations o f  c i r c u i t  t r a in in g ,  
ru n n in g , and games.
Of th e  in v e s t ig a t io n s  concern ing  iso m e tr ic  e x e rc is e s ,  s ix  
a u th o rs  concluded th a t  an  iso m e tr ic  e x e rc is e  program d id  improve 
c a rd io v a s c u la r  e f f ic ie n c y .  One a u th o r  concluded th a t  c i r c u i t  
t r a in in g  was a  b e t t e r  c o n d it io n e r  th a n  iso m e tr ic  e x e rc is e s  a s  f a r  as 
t r e a d m il l  perform ance was concerned.
In th e  s e c tio n  on o th e r  t r a in in g  methods employed in  develop­
in g  c a rd io v a sc u la r  e f f ic ie n c y ,  th e r e  were s ix te e n  s tu d ie s  rev iew ed.
Of t h i s  number, e ig h t a c t i v i t i e s  were found to  be s u c c e s s fu l  in  th e  
developm ent o f  c a rd io v a sc u la r  e f f ic ie n c y .  These program s in c lu d ed  
g e n e ra l ,  t o t a l  body e x e r c is e ,  w alk ing , crew ing, so cc e r, co lle g e  
b a s k e tb a l l ,  swimming, e x e rc y c lin g , and c i r c u i t  t r a in in g .  C o n f lic tin g  
f in d in g s  were found concern ing  w eigh t t r a i n i n g 's  c o n tr ib u tio n  tow ard 
c a rd io v a sc u la r  developm ent. Four o f  th e  f iv e  s tu d ie s  review ed found 
no s ig n i f ic a n t  improvement in  c a rd io v a sc u la r  f i t n e s s  w h ile  one au th o r 
found improvement.
CHAPTER III
PROCEDURES OF THE STUDY
I .  OVERVIEW OF PROCEDURES
The H arvard S tep T est was ad m in is te red  to  463 c o lle g e  male 
s tu d e n ts  as  th e  i n i t i a l  m easure o f c a rd io v a sc u la r  e f f ic ie n c y .
Follow ing th e  i n i t i a l  t e s t  th e  s u b je c ts  were random ly a ss ig n ed  to  
fo u r  t r a in in g  g ro u p s. The s u b je c ts  in  Group I  t r a in e d  by running  
f o r  t e n  m inutes each day; th e  s u b je c ts  in  Group I I  ra n  f o r  tw enty  
m inu tes each day ; and th e  s u b je c ts  in  Group I I I  ra n  f o r  t h i r t y  
m inu tes each day. The t r a in in g  program  f o r  th e  s u b je c ts  in  Group IV 
c o n s is te d  o f  iso m e tr ic  e x e rc is e s .  Each group met fo u r  days a  week 
f o r  seven weeks. At th e  end o f  th e  t r a in in g  p e r io d  th e  H arvard S tep 
T est was ag a in  a d m in is te re d , and th e  e f fe c t iv e n e s s  o f  each o f  th e  
t r a in in g  program s was an a ly zed .
I I .  NATURE OF THE PHYSICAL EDUCATION CLASS FROM WHICH 
THE SUBJECTS WERE SELECTED ■
During th e  196 5 F a l l  Sem ester a t  Kansas S ta te  T eachers C o lleg e , 
Em poria, K ansas, f iv e  hundred male s tu d e n ts  who were e n ro l le d  in  
P h y s ic a l E ducation  101 were i n i t i a l l y  t e s t e d  and w ere to  have served  
as  s u b je c ts  in  t h i s  s tu d y . T h is  co u rse  enab led  th e  s tu d e n t to  s a t i s f y  
one o f th e  fo u r  sem ester req u irem en ts  o f p h y s ic a l  ed u ca tio n  needed f o r
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, g rad u a tio n . The course was designed  as  an e f f o r t  to  a l l e v ia t e  th e  
.problem  brought about by th e  v e ry  la rg e  number o f  s tu d e n ts  e n ro lle d  
in  th e  re q u ire d  p h y s ic a l  ed u ca tio n  program and th e  la c k  o f  adequate 
f a c i l i t i e s  and s t a f f  to  accommodate them. One s e c t io n  o f  P h y sica l 
E ducation  101 met 6:30 to  7:00 a.m . fo u r  days a week, and th e  o th e r  
s e c tio n  met 5 :00 to  5:30 p.m. fo u r  days a week from September 13 
th rough  November 4> 1965*
I I I .  ORIENTATION PROCEDURES
The f i r s t  two m eetings o f  each s e c tio n  were devoted to  
d isc u s s in g  p h y s ic a l  f i t n e s s ,  in  g e n e ra l ,  in  term s o f  th e  b e n e f i ts  
d e r iv e d , th e  components o f  p h y s ic a l f i t n e s s ,  and th e  ways in  which 
f i t n e s s  may be developed. W ritte n  in fo rm atio n  p e r t in e n t  to  th e  
s u b je c t was d i s t r ib u te d  and d isc u sse d . During th e se  m eetings o th e r  
to p ic s  such as  g rad in g , absen ces, and make-up c la s s e s  were ex p la in ed , 
as  w e ll as  th e  v a r io u s  d e t a i l s  p e r ta in in g  to  c la s s  o rg a n iz a tio n .
At th e  n e x t c la s s  m eeting a l l  s tu d e n ts  were g iven v e rb a l 
in s t r u c t io n s  a long  w ith  w r i t te n  in fo rm atio n  concerning  th e  Harvard 
Step T e s t. P ra c tic e  was a ffo rd e d  th e  s u b je c ts  in  lo c a t in g  t h e i r  own 
p u lse  by p la c in g  t h e i r  th re e  m iddle f in g e rs  on th e  r a d ia l  a r te ry  on 
th e  a n te r io r  and l a t e r a l  s id e  o f th e  w r is t .  In  a d d it io n , th e  s tu d e n ts  
p ra c t ic e d  f in d in g  an o th e r in d iv id u a l 's  p u lse  a t  r e s t  and fo llo w in g  
t h i r t y  seconds o f  th e  s tep  t e s t  e x e rc is e . The a u th o r  b e lie v e d  th a t  
t h i s  co un ting  ex p erien ce  a id ed  g r e a t ly  in  o b ta in in g  r e l i a b i l i t y  fo r  
th e  p u lse  co u n tin g . I n s tru c t io n  and b r ie f  p e rio d s  o f p r a c t ic e  were
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a lso  g iven  to  a l l  s u b je c ts  in  th e  s tep  t e s t  i t s e l f  in  an e f f o r t  to  
f a m il ia r iz e  th e  s u b je c ts  in  th e  m echanics o f  th e  t e s t  and in  o rd e r  
f o r  them to  e s ta b l i s h  th e  rhythm invo lved  which was n e c e ssa ry  to  
m ain ta in  th e  s p e c if ie d  cadence.
IV. ASSIGNMENT OF SUBJECTS TO GROUPS
During th e  t i n e  la p s e  between th e  f i r s t  c la s s  m eeting  o f  th e  
sem ester and th e  f i r s t  c la s s  m eeting in v o lv in g  th e  t r a in in g  program s, 
th e  s tu d e n ts  were ass ig n ed  to  t h e i r  g roups. T h is tim e  was s e le c te d  
to  f a c i l i t a t e  th e  l i s t i n g  o f  s u b je c ts  on r o s t e r s ,  to  make n ecessa ry  
c o r re c t io n s ,  and to  e q u a liz e  th e  groups in  term s o f numbers.
The s u b je c ts  were random ly d iv id ed  in to  fo u r  g roups, th re e  
running  groups and an iso m e tr ic  e x e rc ise  group. At th e  f i r s t  c la s s  
m eeting each s tu d e n t signed  h is  name on a ca rd  which he th en  dropped 
in to  a  box. A f te r  th e  ca rd s  w ere th o ro u g h ly  m ixed, each ca rd  was 
th en  drawn and p lac ed  in to  one o f fo u r  o th e r  boxes which re p re se n te d  
th e  fo u r  ex p erim en ta l g roups. I t  was f e l t  t h a t  t h i s  method p rov ided  
a random assignm ent o f  th e  s u b je c ts  to  th e  d i f f e r e n t  g roups.
The o n ly  s tu d e n ts  n o t in c lu d ed  in  t h i s  s tudy  were th o se  who 
were ab sen t f o r  th e  i n i t i a l  o r  f i n a l  H arvard S tep T e s t ,  th o se  who had 
a  r e s t r i c t e d  program due to  in ju r y  o r  i l l n e s s ,  and , o f  co u rse , th o se  
who w ithdrew  from  th e  c la s s .
Out o f  th e  f iv e  hundred s u b je c ts  i n i t i a l l y  t e s t e d ,  th e  f i n a l  
number o f s u b je c ts  in  each o f  th e  fo u r  groups a t  th e  end o f th e  s tu d y
were 120 in  Group I ,  126 in  Group I I ,  105 in  Group I I I ,  and 112 in  
Group IV. Thus, o u t o f  th e  f iv e  hundred s tu d e n ts  i n i t i a l l y  e n ro lle d , 
463 were u t i l i z e d  as  s u b je c ts  f o r  t h i s  s tu d y .
V. TRAINING FACILITIES AND EQUIPMENT
Running Groups
The f a c i l i t i e s  employed f o r  th e  th r e e  runn ing  program s in  
t h i s  s tudy  c o n s is te d  o f  open f i e ld s  and a  q u a r te r -m ile  t r a c k .  A 
d e ta i le d  draw ing o f  th e  f i e l d  o u t l in e  i s  shown in  Appendix A. The 
co u rses  were o f th e  fo llo w in g  c a lc u la te d  d is ta n c e s :
6 :30  a.m . 10 m inute group 3000 f e e t
The a re a s  chosen f o r  th e  th r e e  run n in g  groups were determ ined  by 
th e  a v a i l a b i l i t y  o f  space a t  each o f  th e  two c la s s  p e r io d s  and th e  
p ro x im ity  o f  th e  a re a s  to  o th e r  f a c i l i t i e s .  As shown above, th e  
running  cou rse  f o r  th e  "10 m inute group" in  th e  morning c la s s  was 
c o n s id e rab ly  lo n g e r  th a n  f o r  th e  s u b je c ts  in  th e  a f te rn o o n  c la s s .  
T his was because th e  c o l l e g e 's  m arching band u t i l i z e d  th e  f i e l d  in  
th e  a f te rn o o n  th a t  was used f o r  runn ing  by th e  m orning c la s s .  
C onsequently , th e  a f te rn o o n  c la s s  ran  on th e  r e g u la t io n  q u a r te r -m ile  
t r a c k .  I t  should  be p o in te d  o u t t h a t  th e re  was no d if f e re n c e  in  th e  
a c tu a l  d is ta n c e s  covered by th e  two ten -m in u te  groups s in c e  each
20 m inute group 
30 m inute group
2400 f e e t  
2250 f e e t
5 :00 p.m. 10 m inute group 
20 m inute group 
30 m inute group
1320 f e e t  
2400 f e e t  
2250 f e e t
su b je c t in  b o th  c la s s e s  ra n  f o r  an ex ac t te n  m in u tes. The d if fe re n c e  
was on ly  in  th e  marked co u rse .
Each co u rse  was f u r th e r  d iv id ed  in to  1 5 0 -fo o t segm ents, each 
segment marked by a Ig"x2"x36" s ta k e . These s ta k e s  were numbered to  
a id  th e  s tu d e n ts  in  d e te rm in in g  th e  d is ta n c e  th e y  ran  and th en  
re p o rte d  a t  th e  end o f each t r a in in g  s e s s io n .
Iso m e tric  E x e rc ise  Group
Both s e c t io n s  (morning and a f te rn o o n ) o f  th e  s tu d e n ts  who 
engaged in  th e  iso m e tr ic  e x e rc is e  program met in  th e  s tan d s  o f  th e  
f o o tb a l l  s tad ium , which co n ta in ed  wooden b le a c h e rs . These b le a c h e rs  
served  many p u rp o ses  in  th e  iso m e tr ic  program . The n a tu re  o f 
iso m e tr ic s  i s  th e  e f f o r t  made to  push , p u l l ,  o r  l i f t  an immovable 
o b je c t .  The s e a ts  served  a s  p la tfo rm s  f o r  e x e rc is e s  such as  th e  
m i l i t a r y  p r e s s ;  as  r e s t r i c t i n g  o b je c ts  in  e x e rc is e s  such as  th e  h e e l  
r a i s e  and th e  se a te d  le g  p r e s s ; as  s e a ts  in  th e  ex ecu tio n  o f th e  th ig h  
adduction  and ab d u c tio n ; and , f i n a l l y ,  th e  b le a c h e rs  served  as  t a b le s  
on. which th e  s u b je c ts  la y  p rone to  execu te  th e  th ig h  f le x io n  and 
e x te n s io n .
Each s u b je c t  in  t h i s  group was p rov ided  w ith  an aluminum b a r  
1 ” in  d iam e te r  and 3 6 " long  and a  webbed s tr a p  m easuring 2"x48". The 
s tr a p s  w ere desig n ed  by th e  w r i te r  and made lo c a l ly  f o r  t h i s  s tu d y .
The use o f  th e s e  b a rs  and s t r a p s  w i l l  be d e sc rib ed  l a t e r  in  t h i s  c h a p te r
S tre n g th  t e s t i n g  was accom plished by th e  use  o f f iv e  I so -S c a le s^
^ F ra n c is  A. D rury, S tre n g th  Through Measurement (M arion, In d ian a : 
C oach 's S p o rtin g  Goods C o rp o ra tio n , 1963) .
29
f o r  r e g i s te r in g  e x e r te d  fo rc e  in  pounds, a  ny lon  s t r a p  w ith  numbered 
s lo t s  f o r  easy  a d ju s tm en ts , and two aluminum b a rs  which were in s e r te d  
in to  th e  s tr a p  a t  th e  d e s ir e d  d is ta n c e  a p a r t  in  o rd e r  to  perfo rm  th e  
e x e rc is e .
VI. TESTING PROCEDURES FOR THE HARVARD STEP TEST
The H arvard S tep  T est has  been used  so e x te n s iv e ly  and has 
been so w idely  accep ted  as  a  m easure o f  c a rd io v a sc u la r  f i t n e s s  th a t  
i t  was n o t deemed n e c e ssa ry  to  p re se n t any defen se  o r  j u s t i f i c a t i o n  
f o r  i t s  u se . For in fo rm a tio n  on th e  c o n s tru c tio n  o f  th e  t e s t  and 
i t s  v a l i d i t y ,  th e  re a d e r  i s  d i r e c te d  to  th e  fo llo w in g  re fe re n c e s :  
B rouha,^ Keen and S lo an ,^  E lb e l and H olm er,^ and C ullum bine.5
In  a d m in is te r in g  t h i s  t e s t ,  a l l  th e  s u b je c ts  were f i r s t  
se a te d  in  th e  b le a c h e rs  o f  th e  f o o tb a l l  s tad ium . From th e  one la rg e  
group numerous subgroups o f  th r e e  p e rso n s  each were formed and th e  
s tu d e n ts  rem ained in  t h e i r  subgroup th ro u g h o u t th e  i n i t i a l  t e s t i n g .
2
Lucian Brouha, "The S tep  T e s t: A Sim ple Method o f  M easuring 
P h y s ic a l F i tn e s s  f o r  M uscular Work in  Young Men," R esearch  Q u a rte rly . 
XIV (March, 1943), 31-36.
3
E. V. Keen and A. W. S lo an , "O bservation  on th e  H arvard S tep 
T e s t ,"  Jo u rn a l o f A pplied P h y sio lo g y . X III  (Septem ber, 1958), 241-243•
^Edwin R. E lb e l  and R obert M. Holmer, "The R e la tio n sh ip  Between 
P re -E x e rc ise  P u lse  R ate and Recovery Follow ing  E x e rc is e ,"  R esearch 
Q u a r te r ly . XX (December, 1949), 367-378.
% . C ullum bine, "R e la tio n sh ip  Between R es tin g  P u lse  R a te ,
Blood P re s s u re , and P h y s ic a l F i tn e s s ,"  Jo u rn a l o f  A pplied P hysio logy . 
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Each group o f  th re e  was made up o f one t e s t e e  and two p u lse  c o u n te rs . 
F or each a d m in is te rin g  o f th e  Harvard Step T est th e  group o f th re e  
was issu ed  two Test Record cards (see  Appendix B) upon which a l l  o f 
th e  in fo rm atio n  f o r  th e  t e s te e  was to  be recorded  by each p u lse  
co u n te r .
One su b je c t took  th e  t e s t  f i r s t  w h ile  th e  o th e r  two serv ed  
a s  o b se rv e rs  and s c o re r s .  Three m inutes b e fo re  th e  beginning  o f  th e  
S tep  T e s t, th e  s tu d en t being  t e s te d  had h is  p u lse  r a te  tak en  fo r  
tw enty-second  in te r v a ls  u n t i l  two su ccess iv e  counts r e s u l te d  in  
id e n t i c a l  s c o re s . T his was n o t a  p a r t  o f  th e  Harvard Step T est bu t 
was done f o r  th e  purpose o f a p o s s ib le  p u lse  recovery  score in  p lac e  
o f  th e  S tep T est form ula score in  th e  event th a t  w eather c o n d itio n s  
a t - th e  beg inn ing  and end o f th e  study were so d i f f e r e n t  th a t  th e  
form ula sco res  m ight be deemed in a p p ro p r ia te . A fte r  t h i s  i n i t i a l  
p u lse  was reco rd ed , th e  su b jec t faced  th e  bench and aw aited  th e  s ig n a l 
to  s t a r t .  When th e  s u b je c ts  and co u n te rs  were ready , th e  in v e s t ig a to r  
gave th e  commands as fo llo w s: "Ready," "Up," "Two," "T hree," "Four," 
"Up," "Two," "T hree ,"  "Four," e tc .  a t  th e  cadence o f  t h i r t y  s te p s  p e r 
m inu te . On th e  command "Up," th e  su b je c t stepped up onto th e  bench 
w ith  one f o o t ,  and on th e  command o f  "Two" stepped up w ith  th e  o th e r  
fo o t to  assume a s tan d in g  p o s it io n  on to p  o f  th e  bench. On th e  
command "T hree," he stepped down w ith  th e  le a d  fo o t ,  and on th e  command 
o f  "Four" stepped  down w ith  th e  o th e r  fo o t to  th e  o r ig in a l  s ta r t in g  
p o s i t io n .  The fo u r  counts made up one complete c y c le , o r  s te p , and 
th e  t e s t e e  rep ea ted  t h i s  cycle  a t  th e  r a t e  o f t h i r t y  cy c les  p e r  minute
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f o r  a maximum tim e o f f iv e  m inu tes. The cadence was c a l le d  ou t 
du ring  th e  e n t i r e  t e s t  by th e  in v e s t ig a to r .  The su b je c t continued 
f o r  th e  d u ra tio n  o f  th e  tim e l i m i t ,  u n le s s  he was fo rced  to  stop  
sooner due to  ex h au s tio n . According to  B rouha 's  in s t r u c t io n s ,  th e  
t e s t e e  was n o t allow ed to  change th e  le a d - o f f  fo o t from one to  th e  
o th e r  more th an  th re e  tim es d u rin g  th e  tim e l i m i t .^  At th e  end of 
th e  e x e rc ise  p e r io d , th e  in v e s t ig a to r  gave th e  command, "S top; s i t  
down," a t  which tim e th e  s u b je c t  s a t  im m ediately on th e  bench and 
rem ained q u ie t .
The o th e r  two members o f  th e  in d iv id u a l  groups o f  th re e  
lo c a te d  t h e i r  p a r tn e r 's  p u lse  so th a t  th e y  were ready  to  count on 
th e  s ig n a l  to  do so . The in v e s t ig a to r  c a l le d  ou t th e  fo llo w in g  
s ig n a ls  a t  th e  t in e s  in d ic a te d :
1 . One m inute a f t e r  e x e rc ise  th e  p u lse  co u n te rs  in  each
group o f  th re e  were in s tru c te d  to  s t a r t  co u n tin g . A fte r  
t h i r t y  seconds th e y  were d ire c te d  to  s to p  and reco rd  
th e  p u lse  co u n ts .
2 . T h ir ty  seconds l a t e r  th e  in v e s t ig a to r  ag a in  c a l le d ,  " S ta r t
c o u n tin g ,"  and, a f t e r  t h i r t y  seconds, "Stop and re c o rd ."
3 . A gain, a f t e r  an o th e r t h i r t y  seconds he c a l le d ,  " S ta r t
c o u n tin g ,"  and f i n a l l y ,  a f t e r  t h i r t y  seconds th e  
in v e s t ig a to r  d i r e c te d  th e  p u lse  co u n te rs  to  s to p  and 
reco rd  t h e i r  s c o re s .
^Brouha, l o c . c i t .
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A fte r  each coun ting  p e rio d  th e  o b se rv e rs  recorded  th e  number o f  p u lse  
coun ts f o r  t h e i r  su b je c t on th e  sco re  c a rd s , and -when a l l  th re e  counts 
had been ta k e n , th e y  o b ta in ed  th e  t o t a l  p u lse  co u n t. Each p u lse  
co u n te r reco rded  h is  count s e p a ra te ly  and w ithou t c o n su ltin g  th e  
o th e r  co u n te r so a s  to  p ro v id e  a  r e l i a b i l i t y  m easure. The s u b je c ts  
th en  changed p o s i t io n ,  w ith  a n o th e r member o f  th e  group becoming th e  
t e s t e e  and th e  o th e r  two th e  c o u n te rs . This p rocedure  was fo llow ed 
u n t i l  a l l  th r e e  members o f th e  subgroup had been te s te d .
P rocedures had been e s ta b lis h e d  to  reco rd  th e  tim e e x e rc ise d , 
and to  secu re  th e  p u lse  r a te s  a t  th e  p ro p er in te r v a ls  f o r  th o se  
s u b je c ts  f a i l i n g  to  com plete th e  f iv e -m in u te  s te p  t e s t .  There were 
d isp e rse d  among th e  s u b je c ts  s tu d en t in s t r u c to r s  sup p lied  w ith  stop  
w atches and n e c e ssa iy  m a te r ia ls  f o r  re co rd in g  th e  p u lse  r a t e  o f 
s u b je c ts  having to  s to p  b e fo re  th e  tim e l im i t  had e lap sed . Of th e  
f iv e  hundred s u b je c ts  ta k in g  th e  i n i t i a l  t e s t ,  o n ly  one s tu d en t was 
unable to  con tinue  s tep p in g  f o r  th e  a l l o t t e d  f iv e  m inutes. Because 
o f th e  .fa c t t h a t  he was th e  on ly  one who d id  no t com plete th e  t e s t ,  
and s in c e  he stopped so soon a f t e r  th e  t e s t  s t a r t e d ,  i t  was decided 
n o t to  in c lu d e  t h i s  s u b je c t 's  score in  th e  d a ta  f o r  th e  s tu d y .
V II. TRAINING PROCEDURES
Group Leaders
A school-w ide procedure  which i s  designed  to  enab le  capable 
ju n io r  and s e n io r  s tu d e n ts  to  earn  v a lu a b le , a c tu a l  te a ch in g  
ex p erien ce  was employed by th e  in v e s t ig a to r  to  h e lp  in  ad m in is te rin g
th e  v a r io u s  runn ing  program s. These s tu d e n ts  were s e le c te d  by th e  
w r i te r  on th e  b a s is  o f  t h e i r  m a tu r i ty , t h e i r  a b i l i t y  to  work w ith  
fe llo w  s tu d e n ts ,  and t h e i r  c l a s s i f i c a t io n  o r  y e a r  in  c o lle g e . These 
s tu d e n ts  were e n ro l le d  in  a  c la s s  e n t i t l e d  F ie ld  E xperience. Each o f 
th e  fo u r  groups had one s tu d e n t in s t r u c to r  and a t  l e a s t  two s tu d e n t 
a s s i s t a n t s .  T h e ir  d u t ie s  c o n s is te d  o f c a r ry in g  o u t th e  p ro ced u res  
s e t  f o r th  f o r  each group by th e  in v e s t ig a to r ,  and reco rd in g  th e  
d is ta n c e s  f o r  th e  runn ing  groups and th e  s tr e n g th  sco res  f o r  th e  
iso m e tr ic  g roup , a s  w e ll  as  absences f o r  a l l  g ro u p s. During th e  two 
t e s t i n g  p e r io d s  th e y  served  as  p u lse  co u n te rs  when n e c e s sa iy , helped  
to  c a l l  o u t cadence to  s u b je c ts  who were o u t o f  s te p ,  and w atched fo r  
p o s s ib le  i n j u r i e s .
Running Groups
At th e  n ex t c la s s  m eeting  fo llo w in g  th e  i n i t i a l  H arvard Step 
T e s t ,  th e  s tu d e n ts  were d i r e c te d  in to  t h e i r  a ss ig n ed  groups. F u r th e r  
in fo rm a tio n  was th en  g iven  concern ing  th e  n a tu re  o f  each g ro u p 's  
t a s k  and how th e  s tu d e n ts  were to  .work tow ard f i t n e s s  th rough  runn ing . 
The key p h rase  th a t  was s tr e s s e d  re p e a te d ly  was t h a t  th e  runn ing  
should  be in  accordance w ith  th e  in d iv id u a l ' s own " le v e l  o f  co m fo rt."  
A lthough runn ing  th e  t o t a l  tim e  a l l o t t e d  f o r  each group was th e  
u l t im a te  g o a l ,  th e  p rim aiy  c o n s id e ra tio n  was t h a t  th ey  keep moving 
th e  e n t i r e  tim e  w hether th e y  had to  ru n , t r o t ,  o r  walk (and u s u a lly  
i t  was a com bination o f a l l  th re e )  in  o rd e r  to  do so . Every e f f o r t  
was made to  m o tiv a te  th e  s u b je c ts  by s t r e s s in g  th e  v a lu es  o f  runn ing
in  t e r n s  o f improved p h y s ic a l  c o n d it io n , p o s s ib le  lo s s  o f  f a t ,  and 
g a in s  in  s tr e n g th  and endurance. To s tim u la te  th e  runn ing  g roups, 
th e  in v e s t ig a to r  would make p e r io d ic  v i s i t s  and d isc u s s  th e  p a r t i ­
c u la r  t r a in in g  program  w ith  each g roup . The p h y s ic a l  co n d itio n in g  
program s o f th e  a s t r o n a u ts ,  th e  armed fo rc e s ,  and o th e r  f e d e ra l  
ag en c ies  were d is c u s s e d , a s  w e ll a s  th e  p o p u la r i ty  o f run n in g  c lubs 
th roughou t th e  U nited S ta te s .  O ther f a c to r s  m entioned were th e  
wholesome, in v ig o ra t in g  e f f e c t s  o f  e x e rc is in g  o u td o o rs  in  th e  f re s h  
a i r .  The th r e e  runn ing  groups were f u r th e r  m o tiv a ted  by a d a i ly  
re co rd  o f t h e i r  perform ance in  te rm s o f  th e  d is ta n c e  covered . This 
in fo rm atio n  was re p o r te d  by th e  s tu d e n t to  th e  group le a d e r  to  reco rd  
on a m aster c a rd . The d a i ly  re co rd  was supplem ented by a  weekly 
runn ing  t e s t  w hich was reco rd ed  on th e  card i l l u s t r a t e d  in  Appendix C. 
T h is  reco rd  ca rd  was desig n ed  to  p ro v id e  a r a th e r  ex ac t re c o rd  o f 
p ro g re s s , as m easured in  d is ta n c e ,  f o r  th e  s tu d e n t 's  e f f o r t  each 
s p e c i f ic  week.
Group I  (6 :30  a .m .) : The co u rse  used by t h i s  group con ta ined
th e  g r e a te s t  d is ta n c e , o f  a l l  c o u rse s . A lso, t h i s  group had th e  
f a r th e s t  to  go in  o rd e r  to  reach  th e  course i t s e l f .  T h is f a c t  
n a tu r a l ly  r e s u l te d  in  t h e i r  s t a r t i n g  l a t e r  th a n  th e  tw en ty - and 
th ir ty -m in u te  g roups.
Group I  (5 :00  p .m .) : By ru nn ing  on th e  stadium  q u a r te r-m ile  
t r a c k ,  t h i s  te n -m in u te  run n in g  group had th e  most le v e l  c o u rse . The 
s u b je c ts  o f t h i s  group were o rg an ized  in  th a t  th e y  had developed by 
them selves ra c e s  o f  s h o r t d is ta n c e s  w ith in  th e  ten -m in u te  tim e
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p e rio d . Because o f th e  tim es in v o lv ed , t h i s  group was th e  l a s t  to  
begin  t h e i r  ru n .
Group I I : The s u b je c ts  running  fo r  tw enty  m inutes u s u a lly  
began t h e i r  d a i ly  e x e rc ise  w ith  a  few words about th e  va lue  o f  
running  from t h e i r  group le a d e r  who le d  b o th  th e  morning and a fte rn o o n  
s e c t io n s .  Group I I  was th e  second group to  beg in  t h e i r  ru n , which 
took  them a lo n g sid e  a  campus ro ad . T his road  a lso  se p a ra ted  th e  
running  a re a  o f  Group I I  from th a t  o f  Group I I I .
Group I I I : Both groups had th e  same le a d e r  and th e  same 
running  co u rse . Because t h i s  group had th e  lo n g e s t running  tim e and 
i t  was a n t ic ip a te d  th a t  t h i s  group would be th e  most d i f f i c u l t  to  
in s p i r e ,  every  o p p o rtu n ity  was tak en  to  m o tiv a te  th e  s u b je c ts .  The 
in v e s t ig a to r  made fre q u en t v i s i t s ,  ta lk e d  in d iv id u a l ly  w ith  th e  
s tu d e n ts ,  ran  w ith  them on a  few days, and o v e r t ly  showed in t e r e s t  
in  t h e i r  p ro g re s s .
A ll th e  running  groups had th e  same g e n e ra l p rocedures fo r  
reco rd in g  th e  d is ta n c e  which each s tu d en t ra n . At th e  end o f  th e  
tim e a l l o t t e d  f o r  run n in g , a loud  au d ib le  s ig n a l  was heard  by th e  
members o f  th e  group. Wherever th ey  w ere, th e y  found th e  l a s t  
numbered s tak e  t h a t  th ey  had p assed . With th e  number o f la p s  p lu s  
th e  numbered s ta k e s ,  each s tu d e n t c a l le d  th e  la p  number and th e  
s tak e  when h is  name was c a l le d .  A ty p ic a l  c a l l  would be ]l4 -  12" 
meaning fo u r  la p s  and tw elve s ta k e s  o f  th e  f i f t h  la p .
O bservations on Morale o f Running Groups. Because th e  n a tu re  
o f th e  experim ent was such th a t  a  la rg e  number o f s u b je c ts  had to  run
over a  p e rio d  o f tim e , th e  in v e s t ig a to r  made every  e f f o r t  to  s ta y  
a b re a s t  o f th e  d ay -to -d ay  a t t i t u d e  o f  th e se  s u b je c ts .  Such item s as 
r a in ,  co ld  w ea th er, g e n e ra l h e a l th  o f  th e  s u b je c ts ,  and c o n d itio n s  
t h a t  a f f e c t  running  perform ance were n o ted . A fte r  two weeks o f  
t r a in i n g ,  group members began to  challenge  members o f  o th e r  g roups, 
s tu d e n t in s t r u c to r s ,  th e  in v e s t ig a to r ,  and each o th e r  in  d is ta n c e  
ru n n in g .
The s tu d e n ts  had to  accep t th e  c la s s  because th ey  e le c te d  th e  
cou rse  and a  grade was in v o lv ed . This grade would be p a r t  o f  th e  
s tu d en t* s  academic grade p o in t  av erag e . F u r th e r  encouragement f o r  
reaso n s  o f m orale was p rov ided  by th e  co n s ta n t s e l f - t e s t i n g  p rocedures 
which th e  s tu d e n t re p o rte d  d a i ly  w ith  o th e r  s tu d e n ts  ready to  q u e s tio n  
a n d /o r  p r a is e  a  p a r t i c u la r  e f f o r t .
Two o th e r  f a c to r s  in flu e n c e d  t h i s  s i tu a t io n  o f  m orale . One 
was th e  arrangem ent whereby Group I I  and Group I I I  were sep a ra ted  by 
a narrow  ro ad . This road  was tra v e le d  by au tom obiles b u t th ey  d id  
n o t p ro h ib i t  a  c o n tin u a l s tream  o f  rem arks concern ing  th e  o th e r  
g ro u p 's  lack  o f  endurance and speed. This d u e l o f  words soon 
r e s u l te d  in  a  d u e l o f  ru n n in g . From th e  evening Group I I  came a 
ch a llen g e  to  the-m orning  Group I I  which r e s u l te d  in  a  race  fo r  d is ta n c e  
in  th e  p re sc r ib e d  tw enty  m inutes between th re e  members o f each group. 
The second f a c to r  was th e  lo c a t io n  o f  th e  course used by Group I I I .
T his course e n c irc le d  th e  v a r s i ty  f o o tb a l l  f i e l d ,  a f a c t  which 
r e s u l te d  in  many rem arks from th e  f o o tb a l l  p la y e rs .  These comments,
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p lu s  th e  c o n v e rsa tio n s  w ith  Group I I ,  served  to  s tim u la te  r a th e r  th an  
d isco u rag e  th e  ru n n e rs .
Iso m e tric  Group
For reaso n s o f  economy and convenience, th e  iso m e tr ic  group 
in  each c la s s  (Group IV) was g iven  a s tre n g th  t r a in in g  program 
th a t  re q u ire d  m inim al equipment and u t i l i z e d  p r im a r ily  outdoor,, 
f a c i l i t i e s .  C onsequently , th e  f o o tb a l l  stadium  was deemed most 
s u i ta b le  u n le ss  adverse  w eather c o n d itio n s  fo rced  th e  group in d o o rs .
A f te r  s u b je c ts  were fa m il ia r iz e d  w ith  t h e i r  t a s k ,  each 
su b je c t was th e n  p a ir e d  w ith  a  s tu d e n t in  th e  group accord ing  to  
h e ig h t and w eigh t. D e ta ile d  in s t r u c t io n s ,  e x p la n a tio n s , and 
dem onstra tions were g iven  fo r  each o f th e  iso m e tric  e x e rc is e s  design ­
ed fo r  u se  w ith  th e  Buddy System. The e x e rc is e s  s e le c te d  were 
d ire c te d  a t  th e  la rg e  muscle groups o f th e  l e g ,  back, abdomen, neck, 
aim and sh o u ld e rs . Many o f  th e  e x e rc is e s ,  such as th e  m i l i ta ry  
p r e s s ,  th e  forearm  c u r l ,  and th e  bench p r e s s ,  have been t r a d i t i o n a l  
in  w eight t r a in in g  program s. There were o th e r  e x e rc ise s  which a re  
unique to  iso m e tr ic  program s, such as  th e  arm abduction , th ig h  
a b d u c tio n , abdominal c o n tra c tio n , and one le g  ex tension  w ith  loop . 
These e x e rc is e s  were s e le c te d  because o f th e  equipment and f a c i l i t i e s  
a v a i la b le  and because o f th e  n a tu re  o f  th e  experim ent. The v a rio u s  
e x e rc is e s  a re  d e sc rib ed  and i l l u s t r a t e d  in  Appendix D. . Each e x e rc ise  
was perform ed a t  l e a s t  once each p r a c t ic e  se ss io n .
The teams o f  two were f u r th e r  grouped in to  l a r g e r  u n i ts  of
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te n  o r tw elve s tu d e n ts  and th e n  a ss ig n e d  to  a s p e c i f i c  Iso -S c a le  
f o r  t e s t i n g ,  n o t  on ly  f o r  ease  o f  th e  experim ent b u t a ls o  f o r  th e  
r e l i a b i l i t y  o f th e  in s tru m e n t. Twice weekly th e  s tu d e n ts  were t e s t e d  
in  th re e  p o s i t io n s —th e  m il i ta x y  p r e s s ,  fo rearm  c u r l ,  and h ip  l i f t .  
These th re e  e x e rc is e s  a re  i l l u s t r a te d  in  Appendix E . During t h e i r  
ro u tin e  each c o n tr a c t io n  was h e ld . f o r  te n  seconds. There were 
seven teen  e x e rc is e s  in  th e  r o u t in e ,  which meant t h a t  each  s tu d en t 
re ce iv ed  ap prox im ate ly  two m inutes and f i f t y  seconds o f  a c tu a l  
e x e rc is e . That t o t a l ,  how ever, could  a lm ost be doubled co n s id e rin g  
th e  tim e spen t by each s u b je c t  when a c t in g  a s  th e  r e s t r a in in g  d ev ice  
f o r  h is  "buddy."
Equipment used  by th e  s u b je c ts  were aluminum b a rs  1 ,,x 36 "  and 
webbed s tr a p s  2" wide and 48" lo n g . These s t r a p s  had a  loop a t  one 
end. The o th e r  end o f  th e  s t r a p  was passed  th rough  th e  loop and back 
to  form an o th e r lo o p . The su b je c t h e ld  t i g h t  a t  th e  connection  p o in t  
which th en  com pleted a  c i r c l e  o f th e  d e s ir e d  c ircu m feren ce  f o r  th e  
p a r t i c u la r  e x e rc is e .
The b a rs  were h e ld  by bo th  th e  s u b je c t  doing  th e  c o n tra c tio n  
and by h i s  p a r tn e r .  For exam ple, in  th e  fo rearm  c u r l  th e  su b je c t 
would p la c e  th e  b a r  in  h i s  palms (which were fa c in g  upward) w ith  
elbows a t  a  90° f l e x  w h ile  h is  p a r tn e r  would p la c e  b o th  hands on th e  
b a r  w ith  palms down. The s tu d e n t, a c t in g  as  th e  r e s i s ta n c e  would a lso  
p o s i t io n  h i s  body so th a t  h is  w eight cou ld  be e a s i ly  p la c ed  above th e  
b a r .
From o b se rv a tio n s  made o f b o th  th e  morning and a f te rn o o n
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iso m e tr ic  g ro u p s, i t  appeared th a t  th e  sm a lle r  working group o f th e  
a fte rn o o n  made b e t t e r  r e s u l t s  in  s tre n g th  g a in s , in  u n d erstan d in g  
o f th e  meaning o f iso m e tr ic s  and i t s  unique o p e ra tio n . Another 
advantage which th e  sm alle r  a fte rn o o n  group had p e r ta in e d  to  th e  
equipm ent. Every two s u b je c ts  had a  b a r  and a s tr a p  which th ey  
used f o r  th e  c la s s  p e r io d . This allow ed th e  team o f  two su b je c ts  
to  p ro g re s s  r a p id ly  th rough th e  e x e rc ise  w orkout. A f te r  th e  
e x e rc ise s  became fa m il ia r  and th e  lo o p s , b a r s ,  and s tr a p s  were 
in d iv id u a liz e d , many s tu d e n ts  in  t h i s  group were a b le  to  go through 
th e  com plete workout tw ice  each c la s s  p e r io d .
During th e  c la s s  p e r io d , th e  s tu d en t i n s t r u c t o r 's  assignm ent 
was to  encourage s tu d e n ts  to  make more e f f o r t ,  to  i l l u s t r a t e  th e  
p ro p er p o s i t io n  f o r  th e  e x e rc is e s ,  and to  e s ta b l i s h  a  good working 
ra p p o rt w ith  th e  s tu d e n ts . This r e la t io n s h ip  was developed and 
m ain tained  th roughou t th e  le n g th  o f th e  s tu d y . The m ajor f a c to r  
th a t  a id ed  in  t h i s  im portan t p o in t was th e  form ing o f s tre n g th  
t e s t i n g  groups which, were te s te d  tw ice  weekly. These sm all groups 
o f te n  o r  tw elve s u b je c ts  allow ed f o r  b e t t e r  p e rso n a l r e la t io n s h ip s  
th an  could  be m ain tained  over a la rg e  group. Because each su b jec t 
had an  assig n ed  s c a le ,  an e f f o r t  was made by th e  in v e s t ig a to r  to  
v i s i t  each s c a le  once on each t e s t i n g  day to  in q u ire  what g a in s  were 
made and by idiom.
While th e  su b je c ts  were w a itin g  f o r  t h e i r  t r y  on th e  Iso -S ca le  
on each t e s t i n g  day , th ey  were to  con tinue  t h e i r  r e g u la r  workout. The 
a f te rn o o n  group was u s u a lly  ab le  no t on ly  to  t e s t  b u t to  complete
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t h e i r  .fu l l  w orkout. For th e  m orning group t h i s  was n o t th e  case  as 
th e y  had many more t o  a t e s t  group.
Because o f  th e  com bination o f  co n d itio n s  ( e a r ly  morning and 
o u td o o r a c t i v i t y ) ,  s tu d e n ts  were n o t re q u ire d  to  come to  c la s s  in  
any s p e c if ie d  un ifo rm . The o n ly  requ irem en t was t h a t  th e y  r e p o r t  
f o r  c la s s  each day read y  to  engage in  t h e i r  p a r t i c u la r  e x e rc ise  
program  re g a rd le s s  o f  w ea th er. C onsequently , th e r e  were v a r ie d  
a sso rtm e n ts  o f a t t i r e  ran g in g  from s t r e e t  c lo th in g  o c c a s io n a lly  worn 
by some o f  th e  iso m e tr ic  s u b je c ts ,  t o  sweat s u i t s ,  s h o r ts ,  b lu e  . 
j e a n s ,  and odd p ie c e s  o f a t h l e t i c  a t t i r e .  The la c k  o f  u n ifo rm ity  
was n o t b e lie v e d  to  have any adverse  e f f e c t s  in  re g a rd  t o  perform ance. 
On th e  c o n tra ry ,  i t  appeared  to  have some b e n e f ic ia l  e f f e c t s  in  term s 
o f m orale .
V I II .  TREATMENT OF DATA
For each group th e  i n i t i a l  and f i n a l  H arvard S tep T est sco res  
were analyzed  to  d e term in e  s ig n if ic a n c e  o f g a in s  in  perform ance, 
by em ploying th e  t  t e s t  o f  th e  s ig n if ic a n c e  o f th e  d if fe re n c e  between 
two c o r re la te d  means.
To de term ine  w hether d if f e r e n c e s  e x is te d  among th e  t r a in in g  
g ro u p s, a n a ly s is  o f  v a r ia n c e  was u t i l i z e d .  F u r th e r  a n a ly s is  o f  
v a r ia n c e  was computed f o r  th e  upper and th e  low er q u a r t i l e s  o f each 
group based  on i n i t i a l  c a rd io v a sc u la r  e f f ic ie n c y  to  determ ine i f  
s ig n i f ic a n t  d i f f e r e n c e s  e x is te d  between th e  two le v e ls  o f  i n i t i a l  
a b i l i t y .
CHAPTER IV
PRESENTATION OF DATA 
I .  INTRODUCTION
There were th re e  s t a t i s t i c a l  an a ly se s  computed in  s tudy ing  
th e  e f f e c t s  o f  th e  v a r io u s  t r a in in g  program s on th e  developm ent o f 
c a rd io v a sc u la r  e f f ic ie n c y .  These s t a t i s t i c a l  m ethods w ere: ( l )  th e  
s ig n if ic a n c e  o f  th e  d if f e re n c e  betw een c o r re la te d  means; (2) a n a ly s is  
o f  v a rian c e  w ith  o rth o g o n a l com parisons; and (3) r e g re s s io n  f o r  th e  
runn ing  g roups.
The d a ta  used  in  t h i s  s tu d y  were g a in s  made between th e  
i n i t i a l  and f i n a l  sco re s  on th e  H arvard S tep T e s t.
I I .  THE SIGNIFICANCE OF THE MEAN GAIN FOR EACH GROUP 
IN HARVARD STEP TEST PERFORMANCE
To e s ta b l i s h  th e  s ig n if ic a n c e  o f th e  mean g a in s  in  Harvard 
S tep  T est perform ance, i: t e s t s  were computed com paring th e  i n i t i a l  
and f i n a l  c a rd io v a sc u la r  e f f ic ie n c y  sco re s  f o r  each o f  th e  fo u r  g roups. 
These d a ta  a re  p re se n te d  in  Table I  f o r  a l l  o f  th e  g roups. In  o rd e r  
to  reach  s ig n if ic a n c e  a t  o f  1 .9 8  was needed f o r  th e  .05  l e v e l  o f  
p r o b a b i l i ty ,  and a  t  o f  2 .63 was re q u ire d  to  be s ig n i f i c a n t  a t  th e  
.01 l e v e l .




THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN INITIAL AND FINAL 
CARDIOVASCULAR EFFICIENCY SCORES FOR THE FOUR 
TRAINING PROGRAMS
Group N
I n i t i a l
Mean
F in a l
Mean
Mean
D if f .
SE
D iff . t ■ P
10 min. 
Running 120 88.62 100.85 12.23 1.11 11.02 .01
20 min. 
Running 126 88.91 101.64 12.73 1.16 10.97 .01
30 min. 
Running 105 88.55 99-18 10.63 1 .37 7.76 .01
Iso m etric 112 90.03 93.68 3 .65 . 1 .08 3 .3 8 .01
t  needed: 1 .9 8  f o r  .05 le v e l  o f  p r o b a b i l i ty ;  
2 .63 f o r  .01.
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found f o r  a l l  g roups. Group I ,  th e  ten -m in u te  runn ing  group , had a 
mean d if f e r e n c e  betw een th e  i n i t i a l  and f i n a l  c a rd io v a sc u la r  e f f ic ie n c y  
sc o re s  o f  12.23 r e s u l t in g  in  a  t  o f  1 1 .0 2 , which was h ig h ly  s i g n i f i ­
can t a t  th e  .01 l e v e l  o f  co n fid en ce . Group I I ,  th e  tw enty-m inute 
runn ing  g roup , had a  mean d if f e re n c e  o f 12.73 between th e  i n i t i a l  
and f i n a l  Harvard S tep  T e s ts ,  which r e s u l te d  in  a t  o f  10.97* T his 
a lso  was s ig n i f i c a n t  a t  th e  .01  l e v e l .  Group I I I ,  th e  th ir ty -m in u te  
run n in g  g roup , had a  mean d if f e re n c e  o f 10.63 between th e  i n i t i a l  
and f i n a l  H arvard S tep  T est s c o re s . The t - r a t i o  o f  7*76 was 
s ig n i f i c a n t  a t  th e  .01 l e v e l  o f  c o n fid en ce . Group IV, th e  iso m e tr ic  
g roup , had th e  s m a lle s t mean g a in  in  c a rd io v a sc u la r  e f f ic ie n c y  
s c o re s . However, th e  g a in  o f 3*65 r e s u l te d  in  a t  o f  3*38 which 
was s ig n i f i c a n t  a t  th e  .01 l e v e l .
I I I .  ANALYSIS OF VARIANCE
A n aly s is  o f  v a r ia n c e  was used to  determ ine i f  th e r e  were 
s ig n i f i c a n t  d if f e r e n c e s  in  th e  g a in s  among th e  fo u r  groups in  
H arvard S tep  T est perform ance. A n a ly s is  o f  v a rian ce  was used r a th e r  
th a n  c o v a rian ce  because th e  c o e f f ic ie n t  o f  c o r r e la t io n  between th e  
i n i t i a l  c a rd io v a sc u la r  f i t n e s s  s ta tu s  and th e  g a in s  in  c a rd io v a sc u la r  
e f f ic ie n c y  sco res  was - .2 7 .  When th e re  i s  a  r e l a t i v e ly  low c o r r e la t io n  
betw een i n i t i a l  s ta tu s  and g a in , t h i s  in d ic a te s  t h a t  th e re  i s  n o t a 
la rg e  p ro p o r tio n  o f  th e  v a r i a b i l i t y  o f  th e  f i n a l  sc o re s  th a t  can be 
a t t r i b u t e d  to  th e  v a r i a b i l i t y  o f  th e  i n i t i a l  s c o re s . T h ere fo re  th e  
use o f  co v arian ce  was n o t w arran ted . A nalyses were made on th e  g a in s
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made betw een th e  i n i t i a l  and f i n a l  H arvard S tep T e s ts .  The r e s u l t s  
a re  shown in  Table I I  f o r  th e  fo u r  t r a in in g  g ro u p s. The F - r a t io  o f 
12.7S was found to  be s ig n i f i c a n t  beyond th e  .01 l e v e l  o f  p r o b a b i l i ty .  
To be s ig n i f i c a n t  a t  th e  .05 l e v e l  w ith  3 and 459 degrees o f  freedom , 
an F o f 2 .6 2  was n e c e ssa ry , and an F o f 3 .8 2  was needed f o r  th e  .01 
le v e l  o f  p r o b a b i l i ty .
TABLE I I
ANALYSIS OF VARIANCE OF CARDIOVASCULAR FITNESS IMPROVEMENT 
FOR THE SUBJECTS IN THE FOUR TRAINING PROGRAMS
Source o f 
V ariance




Among 6093 ■3 2031 12.78 .01
W ithin 72944 459 160
T o ta l 79037 462
F needed a t  .05 l e v e l ,  2 .6 2 j a t  .01  l e v e l ,  3*82
O rthogonal Comparisons
As a  r e s u l t  o f  th e  s ig n i f i c a n t  F - r a t io  o b ta in e d , o rth o g o n a l 
com parisons were computed to  id e n t i f y  th e  group o r  groups to  which 
th e  d i f f e r e n c e s  cou ld  be a t t r i b u t e d .  There a re  th r e e  com parisons 
p e rm is s ib le  among fo u r  groups ( N - l ) , a lthough  a l l  o f  th e  a l l o t t e d  
com parisons need n o t be computed. The fo llo w in g  o rth o g o n a l com parisons 
were made in  t h i s  a n a ly s is :
Group I Group I I Group I I I Group IV
Mean Gain 12.23 12.73 10 .62 3 .6 5
Comparison 1 0 +1 -1 0
Comparison 2 +1 +1 +1 -3
In  th e  f i r s t  com parison Group I I ,  th e  tw en ty -m inu te  running  
g ro u p , was compared to  Group I I I ,  th e  th ir ty -m in u te  run n in g  group, 
because  th e  b ig g e s t  d if f e re n c e  in  g a in s  among th e  runn ing  groups 
was evidenced betw een th e se  two g ro u p s. T h is  com parison y ie ld e d  
a  sum o f sq u ares  o f  253- When th e  F t e s t  was a p p lie d , a  non­
s ig n i f ic a n t  F o f  1 .5 8  r e s u l t e d ,  which in d ic a te d  t h a t  th e r e  was no 
d if f e r e n c e  betw een th e  e f f e c t s  o f  run n in g  tw en ty  m inutes and th e  
e f f e c t s  o f ru n n in g  t h i r t y  m in u te s . I t  co u ld  th e re fo re  be deduced 
from  examining th e  mean g a in s  t h a t  th e r e  was no d if f e re n c e  between 
any o f  th e  th r e e  runn ing  g ro u p s .
For th e  second com parison th e  ru n n in g  groups ( I ,  I I ,  I I I )  were 
compared to  th e ..iso m e tr ic  .ex e rc ise  group (Group I ? ) .  The sum o f 
sq u a res  was found to  be 5765 w hich , when t e s t e d  f o r  s ig n if ic a n c e ,  
y ie ld e d  a h ig h ly  s ig n i f ic a n t  F o f  3 6 .03 .
The two com parisons consumed n e a r ly  a l l  o f  th e  "among, o r 
tre a tm e n t"  sum o f  squares shown in  Table I I ,  page 44. The two 
com parisons u t i l i z e d  6018 o f  th e  6093 sum o f  sq u ares  found f o r  th e  
tre a tm e n t e f f e c t s  th u s  le a v in g  o n ly  75 sum o f  sq u ares  f o r  th e  t h i r d  
a l l o t t e d  com parison. With a  mean square  f o r  th e  e r r o r  t e r n  o f  160, 
o b v io u sly  th e re  could  be no s ig n i f i c a n t  F r a t i o .
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A nalysis  fo r  R egression  Among th e  Three Running Groups
An a n a ly s is  o f v a ria n c e  was computed f o r  th e  th re e  running 
g roups, and a  n o n -s ig n if ic a n t  F of .78  r e s u l te d ,  as  shorn in  Table
I I I .  When a n o n -s ig n if ic a n t  F - ra t io  e x i s t s ,  s t a t i s t i c a l  p rocedures 
u s u a lly  p ro h ib i t  any com parisons o r f u r th e r  an a ly se s , except when 
th e  in v e s t ig a to r  has s p e c i f ic a l ly  designed th e  experim ent f o r  th e  
purpose o f making c e r ta in  com parisons. Such was th e  case in  t h i s  
experim ent where i t  was d e s ire d  to  t r y  to  a s c e r ta in  w hether th e re  
would be a re la t io n s h ip  between th e  amount o f  running done during  
t r a in in g  and th e  amount o f g a in s  made in  ca rd io v a sc u la r  e f f ic ie n c y .
TABLE I I I
ANALYSIS OF VARIANCE OF CARDIOVASCULAR FITNESS IMPROVEMENT 







Among 270 2 135 .78 N.S.
W ithin 54180 312 174
T o ta l 54450 314
F needed a t  .05 l e v e l ,  3 .0 3 ; a t  .01 l e v e l ,  4-68 
T h e refo re , a  t a b le  was co n su lted  to  determ ine th e  p roper s e t  o f
■^George W. Snedecor, S t a t i s t i c a l  Methods ( f i f t h  e d i t io n ;  
Ames, Iowa: The Iowa S ta te  U n iv e rs ity  P re s s , 1956), p . 350.
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o rth o g o n a l com parisons in  r e g re s s io n  f o r  th re e  g ro u p s .2 Only two 
com parisons were a l l o t t e d  to  de term ine l i n e a r  o r  q u a d ra tic  re g re s s io n . 
The p a t te r n  f o r  th e s e  com parisons was as  fo llo w s :
Group I  Group I I  Group I I I
Mean Gain 12 .44  12 .72  10.62
Comparisons
C-̂  L in ea r +1 0 -1
C2 Q uadra tic  +1 -2  +1
The com parisons y ie ld e d  F 's  o f  .99 and .55 f o r  l i n e a r  and
q u a d ra tic  r e g re s s io n ,  r e s p e c t iv e ly .  N e ith e r  F was s ig n i f i c a n t  which 
meant t h a t  i f  a  r e g re s s io n  l i n e  was p lo t te d  on a  graph whereby th e  
Y a x is  re p re s e n te d  s te p  t e s t  perform ance and th e  X a x is  th e  runn ing  
t im e s , th e  l i n e  would n o t d e v ia te  s ig n i f i c a n t ly  from th e  h o r iz o n ta l  
p la n e . T h is was in te r p r e te d  to  mean t h a t  th e re  was no r e la t io n s h ip  
found between amount o f runn ing  and improved c a rd io v a sc u la r  e f f ic ie n c y .  
In  o th e r  w ords, th o se  who ra n  f o r  te n  m inutes each e x e rc ise  s e ss io n  
improved j u s t  as  much a s  th o se  who ra n  f o r  t h i r t y  m in u tes , and v ic e  
v e r s a .
A n a ly s is  o f  th e  a f f e c t s  o f  th e  Four T ra in in g  Programs Upon th e  C ardio­
v a s c u la r  F i tn e s s  Improvements o f  S u b je c ts  o f  High I n i t i a l  C ard io v ascu la r 
E f f ic ie n c y  S cores
One o f  th e  pu rp o ses  o f  t h i s  in v e s t ig a t io n  was to  analyze  th e
^ I b id . ,  p . 34S•
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e f f e c t s  o f  th e  v a rio u s  t r a in in g  programs upon su b je c ts  o f  h igh  i n i t i a l  
c a rd io v a sc u la r  e f f ic ie n c y  and upon s u b je c ts  o f  low i n i t i a l  f i t n e s s .
The i n i t i a l  Harvard Step T est sco res  were analyzed  and th e  upper and 
low er q u a r t i l e s  were determ ined . For th e  upper tw e n ty -fiv e  p e r cen t 
o f  th e  s u b je c ts ,  based on i n i t i a l  sc o re , a n a ly s is  o f  v a r ia n c e  was 
computed f o r  th e  amount o f  g a in  made by th e s e  su b je c ts  in  each o f 
th e  fo u r  g roups. A s ig n i f ic a n t  F o f 4*63 was found. Table I?  shows 
th e  d a ta  f o r  t h i s  a n a ly s is .  Due to  th e  s ig n i f ic a n t  F , o rth o g o n a l 
com parisons were computed to  lo c a te  th e  d i f f e r e n c e s .  The fo llo w in g  
com parisons were computed:
Group I  Group I I  Group I I I  Group IV 
Mean Gain 9.25 "  9-55 4-88 -2 .5 3
Comparisons
C + 1 - 1  0 0
C2 0 0 +1 -1
C3 +1 +1 -1 -1
TABLE IV
ANALYSIS OF VARIANCE FOR SUBJECTS OF HIGH INITIAL CARDIOVASCULAR 
EFFICIENCY IN THE FOUR TRAINING PROGRAMS
Source o f 
V ariance




Among 2757 3 919 4.63 .01
W ithin 22225 112 198
T o ta l 24982 115
F needed a t .05 le v e l , 2 .6 9 j a t .01 l e v e l ,  3 .96
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From an in sp e c tio n  "o f th e  mean g a in s , i t  was decided to  make 
a com parison between Group I  (ten -m in u te  group) and Group I I  (tw enty- 
m inute g ro u p ). This y ie ld e d  a  sum o f squares o f o n ly  1.35 and an F 
o f  .007 which in d ic a te d  t h a t  th e re  was no d if fe re n c e  between th e se  
two t r a in in g  program s. The n ex t com parison was made between th e  two 
groups showing th e  le a s t  g a in s  which w ere Group I I I  ( th ir ty -m in u te  
group) and Group IV ( is o m e tr ic  e x e rc ise  group). T h is  comparison 
r e s u l te d  in  a  sum of sq u ares  o f  72 and an F of .3 6  which a ls o  was 
no t s ig n i f i c a n t ,  in d ic a tin g  t h a t  th e  s u b je c ts  o f  h ig h e s t i n i t i a l  
c a rd io v a sc u la r  e f f ic ie n c y  d id  no t improve t h e i r  f i t n e s s  s ta tu s  any 
more by runn ing  t h i r t y  m in u tes  each t r a in in g  s e s s io n  than th o s e  
s u b je c ts  o f  s im ila r  i n i t i a l  a b i l i t y  who tra in e d  b y  using  iso m e tr ic  
e x e rc is e s .
The t h i r d  s tep  was t o  compare th e  gains o f  Groups I  and I I  
w ith  th o se  o f Groups I I I  and IV. T h is comparison r e s u l te d  in  a  sum 
o f squares o f 2684 and an F o f  13.55. The F r a t i o s  needed f o r  
s ig n if ic a n c e  were 3*93 and 6 .8 7  fo r  th e  .05 and .01  le v e ls  o f  
p r o b a b i l i ty ,  r e s p e c t iv e ly .  T h e re fo re , t h i s  F r a t i o  was h ig h ly  
s ig n i f ic a n t  and showed t h a t  f o r  th e  s u b je c ts  o f h ig h  i n i t i a l  ca rd io ­
v a s c u la r  f i t n e s s  th e  t r a in in g  programs o f  running te n  and tw en ty  
m inutes each day were s ig n i f ic a n t ly  more e f f e c t iv e  th an  a program  of 
running t h i r t y  m inutes a day  and a program  o f iso m e tr ic  e x e rc is e s  in  
im proving ca rd io v a sc u la r  e f f ic ie n c y .
A q u e s tio n  might w e l l  be r a is e d  by the  r e a d e r  of t h i s  study as 
to  why th e s e  p a r t ic u la r  com parisons w ere made. I t  must be r e i t e r a t e d
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t h a t  w ith  fo u r  groups o n ly  th re e  com parisons a re  allow ed . Thus, i t  
o b v io u sly  was n o t p o s s ib le  to  make a l l  s ix  o f th e  com parisons th a t  
a re  n u m eric a lly  p o s s ib le  w ith  fo u r  g roups. A d d itio n a l l im i ta t io n s  
were imposed by th e  r u le s  f o r  o rth o g o n a l com parisons, among which 
i s  th e  r u le  t h a t  fo rb id s  comparing any one group more th an  once in  
s in g le  com parisons. For example, once Group I I I ,  th e  th ir ty -m in u te  
running  group , had been compared w ith  th e  iso m e tric  t r a in in g  group,
Group IV, i t  could n o t be compared w ith  e i th e r  Group I  o r  Group I I ,  
o r  both  in  com bination. I t  was th e re fo re  e n t i r e ly  p o s s ib le  t h a t  
th e re  would: n o t be found any s ig n i f ic a n t  d if fe re n c e  between Group I I I  
and Group I ,  a n d /o r  Group I I .
The in v e s t ig a to r  decided  upon th e  p a r t ic u la r  com parisons th a t  
were d isc u ssed  above because i t  was b e lie v e d  th a t  th e s e  com parisons 
would y ie ld  th e  most in fo rm a tio n . U nquestionab ly , Group I  an d /o r 
Group I I  were s ig n i f i c a n t ly  su p e rio r  to  th e  iso m e tric  e x e rc ise  group, 
Group IV, in  reg a rd  to  c a rd io v a sc u la r  e f f ic ie n c y  g a in s  f o r  s u b je c ts  
o f  h igh  i n i t i a l  s te p  t e s t  s c o re s . A com parison th a t  appeared to  be 
most in  o rd e r ,  in  keep ing  w ith  th e  purposes o f t h i s  s tu d y , was 
between th e  s u b je c ts  who ran  f o r  th e  lo n g e s t tim e d u rin g  t r a in in g ,
Group I I I ,  and th e  s u b je c ts  who ran  n o t a t  a l l ,  bu t t r a in e d  w ith  
iso m e tr ic  e x e rc is e s ,  Group IV.
A nalysis  o f  th e  E f fe c ts  o f  th e  Four T ra in in g  Programs Upon th e  Cardio­
v a s c u la r  F i tn e s s  Improvement o f S u b jec ts  o f  Low I n i t i a l  C ard io v ascu la r 
E f f ic ie n c y  Scores
In  o rd e r  to  shed more l i g h t  upon th e  r e l a t iv e  e f f e c t s  o f  th e  fo u r
t r a in in g  program s, th o se  s u b je c ts  id e n t i f i e d  as  be in g  in  th e  low er 
q u a r t i l e  o f  each group in  i n i t i a l  c a rd io v a sc u la r  e f f ic ie n c y  were 
analyzed . A nalysis  o f v a r ia n c e  was computed and an F o f 1 .70  was found. 
T his was n o t s ig n if ic a n t  and consequen tly  no f u r th e r  com parisons were 
made. The d a ta  f o r  t h i s  a n a ly s is  a re  shown in  Table V. This f in d in g  
was considered  im portant in  th a t  th o se  in d iv id u a ls  o f low est i n i t i a l  
c a rd io v a sc u la r  e f f ic ie n c y  d id  no t show any s ig n i f ic a n t  d if fe re n c e  in  
th e  amount o f c a rd io v a sc u la r  e f f ic ie n c y  improvement as a r e s u l t  o f  th e  
t r a in in g  program in  which th e y  were engaged. This would in d ic a te  t h a t  
a  person  o f  low c a rd io v a sc u la r  e f f ic ie n c y  could improve h i s  f i t n e s s  
as  e f f e c t iv e ly  in  an iso m e tr ic  e x e rc ise  program in v o lv in g  approxim ately  
f iv e  m inutes o f  a c tu a l  e x e rc is e  as in  a program o f  running f o r  as  long  
a s  t h i r t y  m inutes each s e s s io n .
TABLE V
ANALYSIS OF VARIANCE FOR SUBJECTS OF LOW INITIAL CARDIOVASCULAR 
EFFICIENCY IN THE FOUR TRAINING PROGRAMS
Source of 
V ariance




Among 685 3 228 1.70 N.S.
W ithin 15037 112 134
T o ta l 15722 115
F needed a t  .05 l e v e l ,  2 . 69j a t  .01 l e v e l ,  3-96
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A nalysis  o f  R egression f o r  In d iv id u a ls  o f  H ighest I n i t i a l  C ard io v ascu la r 
E f f ic ie n c y  Who P a r tic ip a te d  in  th e  Three Running Programs
F u r th e r  a n a ly s is  concerning th e  runn ing  groups was done in  an 
a ttem pt to  id e n t i fy  w hether th e re  was any t re n d  in d ic a te d  as  to  
amount o f  running  in  t r a in in g  and amount o f  improvement in  c a rd io ­
v a s c u la r  f i t n e s s  fo r  s u b je c ts  o f h ig h  and low i n i t i a l  s ta tu s .  For 
th e  s u b je c ts  o f  high i n i t i a l  f i t n e s s , a n a ly s is  o f  re g re s s io n  was 
accom plished. The a n a ly s is  o f v a r ia n c e  (T able Vi) f o r  th e se  s u b je c ts  
rev ea led  a n o n -s ig n if ic a n t  F o f  .8 9 . The same s e t  o f  o rth o g o n a l 
com parisons was employed fo r  th e s e  su b je c ts  a s  in  th e  e a r l i e r  a n a ly s is  
in v o lv in g  a l l  o f  th e  s u b je c ts  in  th e  running program s.
Group I  Group I I  Group I I I
Mean Gain 9*25 9*55 4-88
Comparisons
C-̂  L in ea r +1 0 -1
0>2 Q uadratic  +1 -2  +1
TABLE VI
ANALYSIS OF VARIANCE FOR SUBJECTS OF HIGH INITIAL CARDIOVASCULAR 
EFFICIENCY WHO PARTICIPATED IN THE RUNNING PROGRAMS
Source o f 
V ariance




Among 376 2 188 .89 N.S.
W ithin 18016 83 212
T o ta l 18392 87
F needed a t  .05 le v e l*  3-96; a t  .01 l e v e l ,  6 .94
J
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The t e s t  f o r  l i n e a r i t y  y ie ld e d  a sum o f squares o f  262 and an F o f  
1 .2 4  which was n o t s ig n i f i c a n t .  For th e  second com parison, a sum o f  
squares o f  114 was found which r e s u l te d  in  an F o f  .54 and was a lso  
n o n - s ig n i f ic a n t .
Thus, as was found in  th e  re g re s s io n  a n a ly s is  in v o lv in g  a l l  
o f  th e  s u b je c ts  who engaged in  d is ta n c e  runn ing , th e re  was no 
ap p aren t in d ic a t io n  o f d if fe re n c e s  among th e  running  groups nor any 
r e la t io n s h ip  between th e  amount o f running  in  t r a in in g  and th e  amount 
o f  c a rd io v a sc u la r  f i t n e s s  improvement fo r  s u b je c ts  o f  h igh  i n i t i a l  
c a rd io v a sc u la r  e f f ic ie n c y .
A nalysis  o f  R egression  f o r  In d iv id u a ls  o f Lowest I n i t i a l  C ard io v ascu la r 
E f f ic ie n c y  Who P a r t ic ip a te d  in  th e  Three Running Programs
The a n a ly s is  o f  v a ria n c e  p re se n te d  in  T able V II shows an F o f  
.34* The same s e t  o f  o rth o g o n a l com parisons f o r  determ in ing  re g re s ­
s io n  was used as were employed in  th e  p rev io u s  an a ly ses  fo r  r e g re s s io n .
TABLE V II
ANALYSIS OF VARIANCE FOR SUBJECTS OF LOW INITIAL CARDIOVASCULAR 
EFFICIENCY WHO PARTICIPATED IN THE RUNNING PROGRAMS
Source o f  
V ariance




Among 98 2 49 •34 N.S.
W ithin 12332 85 145
T o ta l 12430 87
F needed a t  .05 le v e l ,  3 .9 6 ; f o r  .01 le v e l ,  6 .94
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The t e s t  f o r  l i n e a r  r e g re s s io n  produced a sum o f  squares o f 
S3 and an F o f  .57* The second comparison r e s u l te d  in  a  sum of 
squares o f  15 and an F o f .10 . N e ith e r  com parison was s ig n if ic a n t  
and, th e r e fo r e ,  no in d ic a t io n  o f  r e la t io n s h ip  was evidenced between 
amount o f  running  and c a rd io v a sc u la r  e f f ic ie n c y  improvement fo r  th e  
s u b je c ts  o f  low est i n i t i a l  f i t n e s s  who engaged in  th e  d is ta n c e  
running  program s.
A nalysis  o f  th e  E f fe c ts  o f  Iso m e tr ic  E x e rc ises  Upon S u b je c ts  o f High 
and Low I n i t i a l  C ard io v ascu la r E ff ic ie n c y
A com parison was made to  determ ine th e  e f f e c ts  o f  th e  iso m e tric  
e x e rc ise  program upon th e  s u b je c ts  who possessed  high i n i t i a l  ca rd io ­
v a sc u la r  f i t n e s s  and s u b je c ts  o f  low i n i t i a l  c o n d itio n . T h is com parison 
was made by a n a ly s is  o f  v a ria n c e  and the  d a ta  a re  shown in  Table V III .
TABLE V III
COMPARISON OF THE EFFECTS OF THE ISOMETRIC EXERCISE PROGRAM 
UPON SUBJECTS OF HIGH AND LOW INITIAL CARDIOVASCULAR 







Among 2016 1 2016 15.75 .01
W ithin 6913 54 128
T o ta l 8930 55
F needed a t  .05 l e v e l ,  4 -0 2 ; a t  .01 l e v e l ,  7 .14
There was a  n eg a tiv e  g a in  in  sc o re s  made on th e  s te p  t e s t  
o f  -2 .5 3  f o r  s u b je c ts  o f  h ig h  i n i t i a l  c o n d itio n  w h ile  th e  s u b je c ts  
o f  low i n i t i a l  s ta tu s  had a  mean gain  o f  9-4# in  s te p  t e s t  s c o re s .  
The a n a ly s is  o f  v a r ia n c e  re v e a le d  a h ig h ly  s ig n i f i c a n t  F o f 15-75 
which meant th a t  th e  s u b je c ts  o f  low c a rd io v a s c u la r  f i tn e s s  made 
s ig n i f i c a n t ly  g r e a te r  improvement in  c a rd io v a sc u la r  e f f ic ie n c y  th a n  
th e  s u b je c ts  o f h ig h  i n i t i a l  f i t n e s s  as  a  r e s u l t  o f  th e  iso m e tr ic  
e x e rc ise  program .
CHAPTER V
SUMMARY, FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS
I .  SUMMARY
The purpose o f t h i s  study  was to  an a ly ze  and compare th e  
e f fe c t iv e n e s s  o f th re e  t r a in in g  programs o f d is ta n c e  running  and a 
program o f  iso m e tr ic  e x e rc is e s  upon th e  developm ent o f  c a rd io v a sc u la r  
e f f ic ie n c y  in  c o lleg e  men.
S u b je c ts  f o r  t h i s  s tudy  were 4&3 c o lle g e  m ales e n ro lle d  in  th e  
re q u ire d  p h y s ic a l  ed u ca tio n  program d u rin g  th e  f a l l  sem ester o f  1965 
a t  Kansas S ta te  Teachers C o llege , Em poria, K ansas.
A ll s u b je c ts  were g iven  th e  Harvard S tep  Test d u rin g  th e  f i r s t  
week o f th e  s tu d y , which served  a s  th e  i n i t i a l  m easure o f c a rd io v a sc u la r  
e f f ic ie n c y .  The su b je c ts  were randomly d iv id e d  in to  fo u r  t r a in in g  
g roups: Group I  t r a in e d  by running f o r  te n  m inutes each t r a in in g  se ss io n  
Group I I  t r a in e d  by runn ing  f o r  tw enty  m in u tes; Group I I I  ran  f o r  t h i r t y  
m inutes each t r a in in g  p e r io d ; and th e  s u b je c ts  in  Group IV engaged in  an 
iso m e tr ic  e x e rc is e  program in v o lv in g  approx im ate ly  f iv e  o r s ix  m inutes 
o f  a c tu a l  e x e rc ise  each s e s s io n . A ll o f  th e  groups t r a in e d  fo u r  days a 
week f o r  a  p e rio d  o f seven weeks. At th e  end o f th e  seven-week p e r io d , 
th e  Harvard S tep  Test was again  ad m in is te red  to  a l l  s u b je c ts .
The t  t e s t  was used  to  determ ine th e  s ig n if ic a n c e  o f  th e  mean
g a in  between I n i t i a l  and f i n a l  Harvard S tep  Test sco re s  fo r  each 
group. A nalysis  o f  v a r ia n c e  and o rthogonal com parisons were used  to  
compare th e  e f fe c t iv e n e s s  o f  th e  fo u r program s on improvement in  
c a rd io v a sc u la r  e f f ic ie n c y .  R egression a n a ly s is  was employed in  an 
a ttem p t to  f in d  a  r e la t io n s h ip  between amount o f running  and c a rd io ­
v a sc u la r  f i t n e s s  among th e  running g roups. The e f f e c t s  o f  th e  
t r a in in g  programs were f u r th e r  analyzed f o r  su b je c ts  o f  h igh  i n i t i a l  
c a rd io v a sc u la r  e f f ic ie n c y  and f o r  s u b je c ts  o f  low i n i t i a l  c o n d it io n .
I I .  FINDINGS OF THE STUDY
The f in d in g s  o f th e  s tudy  were a s  fo llo w s :
1 . A ll o f th e  t r a in in g  programs produced s ig n i f ic a n t  c a rd io - .
v a s c u la r  e f f ic ie n c y  gains a t  th e  .01 le v e l  o f co n fid en ce .
2 . When th e  fo u r  t r a in in g  programs were compared, i t  was
found th a t  th e r e  were no s ig n i f ic a n t  d if fe re n c e s  among 
th e  th re e  runn ing  groups, b u t t h a t  a l l  th re e  running  
groups were su p e r io r  to  th e  iso m e tr ic  e x e rc ise  group in  
th e  amount o f improvement made in  c a rd io v a sc u la r  f i t n e s s .
3 . No evidence o f  re g re s s io n  e f f e c t s  was found among th e  th re e
running g ro u p s, in d ic a tin g  t h a t  th e re  was no r e la t io n s h ip  
between th e  amount o f  running done in  t r a in in g  and th e  
amount o f improvement made in  c a rd io v a sc u la r  e f f ic ie n c y .
4 . For s u b je c ts  o f  h ig h e s t i n i t i a l  c a rd io v a sc u la r  e f f ic ie n c y ,
th e  combined g a in s  in  c a rd io v a sc u la r  f i t n e s s  o f th e  
su b je c ts  who ran  f o r  te n  m inutes and tw enty  m inutes a  day
£3
d u rin g  t r a in in g  were s ig n i f i c a n t ly  s u p e r io r  to  th e  
combined g a in s  made by th e  th ir ty -m in u te  runn ing  group 
and th e  iso m e tr ic  e x e rc is e  g roup . No s ig n i f i c a n t  
d if f e re n c e  was found between th e  e f f e c t s  o f  th e  ten -m in u te  
runn ing  group and th e  tw enty-m inute  runn ing  group , no r 
was a s ig n i f ic a n t  d if f e r e n c e  found between th e  t h i r t y -  
m inute ru n n in g  group and th e  iso m e tr ic  e x e rc is e  group.
5 . No s ig n i f i c a n t  d if f e r e n c e s  were found among th e  fo u r
t r a in in g  program s in  th e  e f f e c t iv e n e s s  o f  im proving 
c a rd io v a sc u la r  e f f ic ie n c y  o f  s u b je c ts  o f  low i n i t i a l  
c a rd io v a sc u la r  f i t n e s s .  A ll o f  th e  t r a in in g  program s 
were e q u a lly  e f f e c t iv e .
6. There were no s ig n i f i c a n t  r e g re s s io n  p a t te r n s  e v id e n t among
th e  th re e  running  groups f o r  s u b je c ts  o f  h ig h  i n i t i a l  
c a rd io v a sc u la r  f i t n e s s ,  n o r f o r  s u b je c ts  in  th e  runn ing  
program s p o sse s s in g  low i n i t i a l  c a rd io v a sc u la r  f i t n e s s .
7- Iso m e tric  e x e rc is e s  w ere s ig n i f i c a n t ly  more e f f e c t iv e  in  
im proving c a rd io v a sc u la r  e f f ic ie n c y  f o r  s u b je c ts  having 
low i n i t i a l  s te p  t e s t  sco re s  th a n  f o r  s u b je c ts  o f  h ig h  
i n i t i a l  c a rd io v a sc u la r  e f f ic ie n c y .
I I I .  CONCLUSIONS
W ith in  th e  l im i ta t io n s  o f  t h i s  s tudy  th e  fo llo w in g  co n c lu s io n s  
were made:
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1 . C ard io v ascu la r e f f ic ie n c y  may be improved s ig n i f ic a n t ly
by p a r t ic ip a t io n  in  running program s and a lso  by 
engaging in  a  program o f  iso m e tr ic  e x e rc is e s .
2 . G en era lly  speak ing , d is ta n c e  runn ing  w i l l  b r in g  about
more improvement in  c a rd io v a sc u la r  e f f ic ie n c y  than  
iso m e tr ic  e x e rc is e s .
3 . In c re a s in g  th e  amount o f running  during  t r a in in g  does
no t b r in g  about a p ro p o rtio n a te  in c re a se  in  ca rd io ­
v a s c u la r  e f f ic ie n c y .  In  t h i s  s tu d y , th o se  su b je c ts  
runn ing  fo r  t e n  m inutes a day , fo u r days p e r  week 
f o r  seven weeks, improved t h e i r  sco res on th e  Harvard 
S tep Test e q u a lly  as much as th e  s u b je c ts  who ran  as 
long a s  t h i r t y  m inutes each t r a in in g  s e s s io n . The 
same r e s u l t s  w ere o b ta in ed  r e g a rd le s s  o f th e  le v e l  o f 
i n i t i a l  c a rd io v a sc u la r  f i t n e s s  o f  th e  s u b je c ts .
4 . For s u b je c ts  o f h ig h  i n i t i a l  c a rd io v a sc u la r  e f f ic ie n c y ,
runn ing  programs o f  te n  and tw enty  m inutes a  day are  
more e f f e c t iv e  th a n  a program o f  iso m e tric  e x e rc is e s . 
However, f o r  s u b je c ts  o f  h igh i n i t i a l  s t a t u s ,  an iso m e tric  
e x e rc ise  program i s  as e f f e c t iv e  as a program o f  running 
f o r  t h i r t y  m inutes a day in  re g a rd  to  changes in  card io ­
v a s c u la r  e f f ic ie n c y .
5. For s u b je c ts  o f low i n i t i a l  c a rd io v a sc u la r  f i t n e s s ,  a l l
fo u r  t r a in in g  program s a re  e q u a lly  e f f e c t iv e  in  improving 
c a rd io v a sc u la r  e f f ic ie n c y .  In  o th e r  w ords, f o r  persons
o f  t h i s  le v e l  o f f i t n e s s  a program o f  iso m e tr ic  e x e rc ise s  
w i l l  improve c a rd io v a sc u la r  e f f ic ie n c y  as w e ll as programs 
o f  running  te n ,  tw enty  o r t h i r t y  m inutes a day fo u r  days 
a  week f o r  a p e rio d  o f seven weeks.
6 . An iso m e tr ic  e x e rc ise  program i s  s ig n i f ic a n t ly  more
e f f e c t iv e  in  improving c a rd io v a sc u la r  e f f ic ie n c y  f o r  
su b je c ts  o f  low i n i t i a l  f i t n e s s  th an  f o r  s u b je c ts  o f 
h igh  i n i t i a l  c a rd io v a sc u la r  e f f ic ie n c y .
IV. RECOMMENDATIONS FOR FURTHER STUDY
As a r e s u l t  o f  th e  f in d in g s  in  t h i s  s tu d y , th e  fo llo w in g  
recommendations a re  suggested  f o r  f u r th e r  s tu d y :
1 . A s tu d y  employing th e  same ex perim en ta l d esign  b u t in c lu d in g
o th e r  m easures such a s  s tr e n g th ,  m uscular endurance, 
body w eig h t, and an th ropom etric  m easures.
2. A s tu d y  th a t  in v e s t ig a te s  ass ig n ed  running  tim es o f
s h o r te r  d u ra tio n , such as  one m inu te, th re e  m in u tes, f iv e  
m in u tes, to  determ ine th e  p o in t  a t  which optimum improve­
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1 m inute a f t e r  e x e rc ise
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HARVARD STEP TEST RECORD CARD
RECORDER'S NAME
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1 s t  H .S.T. Index ______
2nd H.S.T. Index ______
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RECORD CARD FOR ISOMETRIC GROUP
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1 s t  H .S.T . Index ______
2nd H.S.T. Index
WEEK 2 3 4 5 6 7 8
M il i ta ry  P ress
Leg L i f t >
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INITIAL TEST FINAL TEST
M ili ta ry  P ress  




ISOMETRIC EXERCISE PROGRAM 
I .  LEG EXERCISES
1 . With iso m e tr ic  b e l t  p o s it io n e d  a t  
th e  s u b je c t 's  h ip s  and a tta c h e d  
a t  e i t h e r  end o f an iso m e tr ic  b a r , 
th e  s u b je c t  a tte m p ts  to  ex tend  h is  
le g s  which a re  f le x e d  a t  ab o u t 95 
d eg rees .
2 . The su b jec t i s  seated  w ith  leg s  a t  
95-degree f l e x io n  p o s i t io n  and 
u t i l i z e s  th e  lo o p  o r th e  stadium  
s e a t  d i r e c t ly  in  f ro n t a s  th e  
r e s is ta n c e ;  h e  a ttem p ts  t o  extend 
h i s  le g s .
3 . In  a p rone p o s i t io n  w ith  k nees a t  
90-degree f le x io n ,  th e  s u b je c t  
a tte m p ts  to  p la c e  h i s  h e e ls  on h is  
b u tto c k s . R e s is ta n c e  i s  o f fe r e d  
by th e  s u b je c t 's  p a r tn e r .
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4* The su b je c t i s  sea ted  and 
a ttem p ts  to  ex tend  h is  le g  
which i s  in  an i n i t i a l  95- 
degree f le x io n .
5. The su b je c t i s  se a ted  and a ttem p ts  
to  abduct th e  th ig h s  a g a in s t 
r e s is ta n c e  ap p lied  a t  m edial s id e  
o f k n ees .
6. The su b je c t i s  sea ted  and 
a ttem p ts  to  adduct th e  
th ig h s  a g a in s t  r e s is ta n c e  
ap p lied  a t  th e  in s id e  o f  




I I .  BACK EXERCISES
1 . In  an u p r ig h t p o s i t io n  w ith  
loop  beneath  b o th  f e e t ,  knees 
s l i g h t l y  f le x e d ,  su b je c t 
a ttem p ts  to  r a i s e  th e  f e e t  
from th e  ground by p u l l in g  upon 
th e  loop .
2 . In  a prone p o s i t io n ,  hands
c lasp ed  behind head , th e  su b je c t 
a ttem p ts  to  r a i s e  head and 
sh o u ld e rs  a g a in s t r e s is ta n c e  
a p p lie d  a t  th e  sh o u ld e rs .
I I I .  ABDOMINAL MUSCLE EXERCISES
1 . W hile f l a t  on h is  back , w ith  
hands c lasp ed  behind head and 
le g s  s l ig h t ly  f le x e d , th e  
su b je c t a ttem p ts  to  r i s e  to  a 
s i t t i n g  p o s i t io n  a g a in s t  
r e s is ta n c e  a p p lie d  to  th e  c h e s t .
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2 . In  an u p r ig h t p o s i t io n ,  th e  
su b je c t f o r c ib ly  c o n tra c ts  
h is  abdom inal m uscles and a t  
th e  same tim e c o n tra c ts  h is  
g lu te a l  m uscles.
IV. NECK EXERCISES
1 . S tanding  w ith  loop p laced  around 
h is  fo reh ead , th e  su b je c t a ttem p ts  
to  bend h is  head forw ard .
2 . S tanding  w ith  loop  p laced  around 
h is  fo reh ead , th e  su b je c t a ttem p ts  




V. ARM AND SHOULDER EXERCISES
1 . Holding th e  b a r  w ith  palms 
in  a su p in a tio n  p o s i t io n ,  
elbows a t  90-degree f le x io n  
p o s i t io n ,  th e  su b je c t 
a ttem p ts  to  com plete a  forearm  
c u r l  w ith  h is  p a r tn e r  p ro v id in g  
r e s i s ta n c e .
2 . With th e  b a r  a t  eyebrow le v e l ,  
th e  su b je c t a ttem p ts  to  r a i s e  
th e  b a r  by ex tend ing  th e  elbows 
as  h i s  p a r tn e r  p u l ls  down on th e  
b a r .
3 . The s u b je c t,  in  a supine 
p o s it io n  and h o ld in g  th e  
b a r  c lo se  to  th e  c h e s t ,  
a ttem p ts  to  com plete a 
bench p re s s  a g a in s t th e  
r e s is ta n c e  o f h is  p a r tn e r .
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4 . The su b je c t p la c e s  th e  b a r  in  
a  re v e rse  c u r l  p o s i t io n  and 
a tte m p ts  to  r a i s e  th e  b a r  over 
h is  head .
5- The s u b je c t ,  in  an " a t te n t io n ” 
p o s i t io n ,  a ttem p ts  to  abduct th e  
arms a g a in s t  r e s is ta n c e  p la c e d  a t  
h is -u p p e r  arms by h is  p a r tn e r .
VI. ISOMETRIC TESTING POSITIONS
T est #1 : With knees b en t a t  95 d eg rees, 
an iso m e tr ic  b e l t  i s  p o s itio n e d  over 
th e  s u b je c t 's  h ip s  and a tta c h e d  a t  
e i th e r  end o f  an iso m e tr ic  b a r .  The 
su b je c t th en  a ttem p ts  to  extend h is  
le g s .
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T est #2: H olding th e  b a r  w ith  palms 
in  a s u p in a tio n  p o s i t io n ,  elbows 
90-degree f le x io n  p o s i t io n ,  th e  
su b je c t a tte m p ts  to  com plete a 
fo rearm  c u r l .
t
T est #3 : With th e  b a r  a t  eyebrow 
l e v e l ,  th e  s u b je c t  a ttem p ts  to  
r a i s e  th e  b a r  by ex tend ing  th e  
elbow s.
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